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it$ Aueie^ 

/» W * ^e weo 

qot knwm 

AMo^fe, trtg 

6FAi^ W e^- 
poTt\ /* m * 
(wr^F, w ip 

RoOGdLY tffUAL- 
^PsCfW^' 



yy^p app fouep woe, we Ate w $#mxv&>-- 



0/i itfbor 
? ip £f ii*e wMr 


^T ?oLtep, 
^ojrr ^66 



T^U ?oU4\ 
$W &f> 


$mr tau feu#, 

m tall e^ 
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(Vl^ipa AtSo cftosseo smooth - peA pla^ joith uflitfaep 
pupae plo^ win wtute, ere etc ere. in eiwY cA$e, 
He; fbUMp TAe tKAPACTepi^ To 0e eopTfiottep eV 
A sipoe sepe wnp w wffepeKT Auaes^eop 
^idi ims p£>MifJMJT aiee THe ow&- 


So IT seem) THAT 
flxtep W T 66 
^ fuu- 
of ipese urfte 
*sqvieTHi^/ ope 

HtfpeplTW TfW 
op rue op^ap^M- 
PperiY owepf 


Ik) W 


WV'M 

’Tor 
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(ftiMuy, wvei me cf? o&&> 

UT jwn& wwnwb i*> 

TWO CW^CT^Tl^-^ 

A TALL ?twr mw SMOOTH Setffi wv 
A $k*rVlWr UHTH IPRlfHCW $0^ 
-foe cveswv me 1* 1 We m&n 
a^o moor\w&> ctmuMD 
o?. vo THev act iHPepweffiy iwa> 


call Tne ALtete 0g 
S/vwnn 6 m>s 6 , WD 
THAT fW AftflW . 
46SD4 5.5 15 Jr 

DOMIPWIJ 40 ■=— ^ 




Tne Cft>44 14 peTi*m> AASS MJD aass>. 
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$ 1 * 1(6 TA lLU&h\ 
I Vp S 1 W 7 HWK 4 
NteRMMW i 



vou) m Tie seif fommov erne Wftv- 



Tie eopfc m mw 
and sm u 
JgfiTffT \WWMm I 
of ef\cn OTReR vX 

(vlo Twsse yow&i't C( 

fovJ>& W $b&> fAUO I 

ee e^Hty uk&h = J\ 






<K*> 


r> , 
i*>m 
CNSe, me 

. crdss^ 
^n<s$w 

wk« , 

LIKE TplS. 


1 AASS t 

I A?ll f ^ TAU-.SWP 
4 |WSs Jl 

i i 3 tau, 

T 3 SpoRT, sM#>Tn 
1 aa * s f SJtop; w(2iNKtep 


I Aft^S 
i aaSs 




WJmtQ — A RATIO 0f 
9 : 3 ’ 3 *i. wewBPMCAn; 
w oijef?t> w ' 
wfmmctmmws, 
mev mpRmpie 

SSR 

f\uue$ of ope oept 
sopr om awriY 
omArne* 1 
(wnef?. (ye’u,^ 
i 3 ftr ww#' 
bw'T ^u»re TRie ! ) 
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pou) TrtftT weve Seep 

flow m&> &OORK, 

mes a w or 

ttfiTICS JAR60p, 

IP CAse You 6HPULQ 
ei/eR UJfHur to ■ 
op A 

Nipper &e\vnc\9[... 


' tws <sa)TgK deal A 
tfeAps ft&HMr 

bucks, paw- weffe 

TALKIE RecoAWtfApT 
Bf^AC&uife 

V PR ort&ofi... A 


Idea... POT THAT KlPO 
Of JAWp ■ 


6eiJeTici^T6 pistiPWH 
Ap <?P6Ay)isMfs> 
PHeMoryre -m\i it 

LOOK6- UKf-APD IT$ 
Gewrype- WHAT 
AafL^> IT RAS>. 



r Ap OR&ApfcM I6> 

I HQ/MZY60US MTA 
pe&pec r to A 
&ivep if it5 
Tido Aaete*> (Vpe 
THt sam, m 
flmRozfcous 

If WFf 
PlffWT. 




So Mou) You KPOW 
Wat a tertc i^t 
M£A|J& eY 

"PHepOTYPiCAUT SMOOTH, 

6fP0Typ|CAaV 

HETeRozY^ous." 
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IP A ?0S iT/^N , 
TO UfW^lW JAW* 
s^ociep fi'OCK ■■ 



m Ku&je 
m A 0WCK COAT, 
CALI VT 3, W> 

portipApt W& 

K^O A 

pLiete , i*>, w 
uwirre *ftfCKlc&- 
|MW of LAW* 
flWYfi^LLY 
apLK APIMAL6 

^ecfenv hwW^p 

TW$ to, SO wi£ 

lcipe» me ^ * 
ftfNenMfc sfloctflr 


P x «nr 

e» «. h 





p<i> f$t» tuto 



* actvau-V, Trie ^eweri^ of o>at cocop «e Mope awfte*, but the ?W'f LE v> w 
pece^jve Au*etes. 
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\<b ir Mire 
To w. „ 


IFtfWSfc ft ppMi|JAfiTrV 
mvovifz, HcnuCAf) ) 
tyi) TFLt IF H'S A 
me^^Bore ? % 






Fop EXAMPLE^ /vw FIP&T 
UMfgr HAS BWf> Btfefe, APP I H^e 

w.ue cYfs. one of oup sons 
has pme eyes-, (m has brow 
ey&. Tuepefrpe, wy rrst 
must ee Her&ciyt>M$. 
we Biue^eD must iwe 
^e Meete pgpprt HeRo 
TFV Po|p6? TAB S<j>UApe=! 


^ MOW THAT > 
THAts seTTLeD 
let's <ser a 
, owopce !' > 



wy secopp wipe has Blue eyes uwe Me. if our chilp hap 
£/&%/a/ eyes, jdhat ump m make of that? bctter 

ASP w MUKMAp // 
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soft ' 

Of WttPW N*> 
WOKwe 

||0 HUfol^& • ^ 


WtM 


WnsUSm 


A woW>^ M?e 

^ poMiMrr 01/^8 

ev^- 

A C 0 U>F VlSIOjO |6 

w poiaiijM' ouee- flw 
£UpPpfc6- 

A HW Kfc 

W POMifW OV^F m> 

o^s. 

A Ttfc AftIUlV To COfll 
^ tie' TtyWf 16 powitW 
W l^^iutY To 

<WiTi&T°Me. 

# »« & ,\ 


wwirt< v»&r“ n»^ j\ 
ft$bW> W Wffoe'.V 


*K oooeu pose of pecew s 
*& also cwse such 
<? p^er pisses ne/viD- 
tytmAi sme-<m Aue^ 
tay-s/w syvPft^e, 
Tu^t^s 5 e(VH^ ) pwnsM- 




TOS 


% 


Hi 


53 



ton see skoptiv m ^ au, -mese wr* Me cikm 
” ' cofttte ct~ Poiv^Mce ^ $t>%n/^ <W PAfluftu Tuefce 
m oRflW* with w p si^ieser^^)e$-APD^/vie ww 
aur ser$ . Wc> peviMioiJs iRpep&wr ww' ru«j 
CHT *p> ^ W ^PfipTW- 
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by rue Tiivie weu t>iet> rue sqepwic community uto touy 

ft?R60TW P»S W0PK- "WY TWC Will <21*10/ K0 Sftlp, ^r 
LO fib W>$6 Hlf> w IP 1 00*f... 
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wftf tyn %t im~ 


i*to ite immC^ w lm 
oTmts vzpz 1 

fWN£> i/JDKP^ft^L t/Mls 
IN Trie A?/Cj?c>-woRLP- 



iJowapa^, we 
TAite ir pip 
6pAm> That ail 
iwm TH»N^ 
ARe /viApe up 
o? cei,& — , 
wt rm w/feNT 
r^LY AP' 
fgeqAi^ wne 
Tue lira 
cepw* 


AS fiM? p/\CK AS Trie | 60 £>'s t 
P0P6PT ftooKe t t&-f-ro3) HAP 

wjncep trie cellular 
Sifacm <?p cork. 

it wasn't until Trie 
l too* that scieuittr*, 

ARMep with mm 
Wfioscofe,, rnuTW 

THAT ALL Of- U 6 ARe 

PMpet> \m> urne 
Cc/V|pARTWT£> 
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Mofi iom x se^Tist* 6 au) that au ceu^ fF?oM ~m 
P/VMOM °f A PRE'EXi^T|(J6 CELL. Beppgr PM61QP, 
BWTW6 v Trte cm 16 PflU^uep. 
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AS (AiCfoSctfeS , 

\M?po i/ep , tk£ 

I^TWAl STRUCTURE 
§/viefi607- 

fi^t ^p Att, We 
WAS THE WCLtUb- 
ARP VTOp THE 
(Ji/aeos 
^oweiH^t> weiRP- 

JI/6T ft5F>te <m 
Pll/W, 60/Hf 5f«>PT 
^TPlK^V <^JK-T6 S0PP^ L Y 
fW/W, PoUPLCR 
&W)TH0> VAH^WP! 

1M& w/ege W00ep 

*CHflMQ6&ne5* 

AAP WCRE mg CAU^ 

of W f$>m v 



yoaevs 



cApa^^i^^- 

-r^y («(rrcp>Ai,|ie fFDM 

-mW AW W 


[&> 


Titty# Jf 

ip wv cur 
T«e $hCP 
J*»P— uittf,, 
/vnth'-wA?* 


' wu m V wap 
^Wtrf jA W®, ^ 

>v AWP6? y 


f» 




'Cfi/tfoLT VA P0®»T 


ovr.. 


IT fl^AU-Y A6^6£C> — 

C^oMoSoMeS W RCAU-1 
Ve /V\AT0RlAW^e Op Piw^... 
Tpcf'pe- Just Too Sfc/tffiJy 
Mo$rofTieTtMe To 
V^IPLe lAJITrt A flM/eKTfORN- 
MtCfloSCcffc- pUpifJk CFU' 
D(l/I6(0^ W 

cqh, i/py f>vcm$b fftcx 
eioaM to see. 
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cm fVl StupV f?fl£Al3> WHAT HAfpepS To CHRoMoSoMES 
WIR6 C*W PMSJOp. 


f IP^T-WAte STILL INVI616L£- 

T«e cnmosofi\& implicate 
themselves, pe/hairim* awa© 
at a &m c*u#> m ceytiv- 



THE /fleWApe AflWHP THE 
Muaevs dissolves, AMD A 
fiepous eftHPtf fom% 
WHICH THE CHROMOSOMES 




% vo(*ms Pivipr as 
THE SP/AlPLe pfeERs TU6 T*e 
CHROMOSOME PAIRS APART. 



The chromosome NPW 

AT THE 0fPC6lT^ fOLEfc, 

A*JP the STAPLE PfSfERSE*. 



T«0 WaeAp M^MBpAVE RE' 
FORMS ; THE CHROMOSOMES 
1/N/WI&/P iHft? INVISlBlLm jAHP 
The cell p/vipes> 
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THIS ppocess 16 CALLED 

tf!TQ6t6. 



rue op ihwx, ^ 

Accord. it elopes w pveftf *tw&rrff?’ 
DU &er* A ftjftfTcr /vp coMoere ser 
of Ctt«oMo$oime$. |u parti cw.ar, trc 
NpMPfR of .qtaowtfort^ if<iu ee rue 

SA% U> PW Cat- fACR SfeQfc pP 6 ir< 
CMMCflgffiSnC jWMeeg . A 


Moscpuiro Q 


rff 


aww» 

146 


W& m\(ft> 


Wf AR 6 socn 

Stott as 
G#fc ARe 

MAC 6 of.. > 


7 AAT follJR 


mi PMWAt 

of fftawry 


I r / / , 

f;/V 








\T ^ 


v ,, // I » ' ’ 1 •' ' ' '/ / , 

N 0 ^ O o / 


N o 

"Oj 

- o I 

- o 
~ o 

- o 
o 

1 0 

-o 
- o 


SPERM AflPE && N?£ 

SiN&e ceus with 
grm fM/MW 
NOMftfc * CKMm &‘ 

S - ■>-■-» . 

O C O O O O oo OOOOOOOOOOO 1 ' 
/ ^ f (// t I / I t I \ ' I 






&wp IT WORK* u«e fthS*. 

V"^ Tpe s?ow ahp e66~ 

\ Tlcfl^CS^.op 

&a Meres, as wy 

/ AR£ HU W - EACH 

' CAFRi&s A AALp set 

Of otpo/ttoso/vies. 


At ^TiOZATiOP, TiW 

mcta i*Jn£, ewiife u 

TH6 fWlLWft 656, t 
W'Pf&TZy A ^ ‘ 

CoMrl^M^KT Of OHfO^oMes. 

Rt>M TlH6 Cftt Afae 
AU, 0W6 8f 
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Pi ‘Xcnv&d ie>Y Tfe 

AMtffiCNo ||OiaiAM Wxop 
IP \({ov) that eM 
dl^oMOSoMe fHo/W 

TKe cap ee 

(WTCH0? IPITR A 
V^Tt/AU-Y IPOTCAC 
ope rpoiA 

(1V4 eASieg to see ‘ ‘ 
CoW<CTeeO 


Thus, th^ m mux albpadY w cmefc of eitt^ 
cWoMo^we ip the ceu. w?c m called "Homologous 
tomjMrt tfMPm yw 


Kuiviap 6 ( ffcp em\m iwth 4l embosom, BeAuy 

22* RCp>U> 6005 R\|Re : PpE fPoM fMf 2 COMES 
p\ON\ P$> oVe PAP. 


*wm ope exception, 
Ttie^CX tKfoM40H£. 

wcu e*awp w! 




THIS 5V&&EW 

That thebe 

MOST PE A 
SPECIAL W 
OF CELL PIVISIOP 
006T fOR MAfrpO 
6A/V\ETES... 
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iui6 ?fioce*? t cmiw mosts, & awall*/ a 

AS * MITOSIS jiefflwiiK** 

Twoc^ 






fuWW 

f«e sfwe 

n&e^ 

ftR/n 

Atf>TKfc „ 
CfaDtAOZW 
<^AR7KT4 

l“TeTFW*) 
Uf/e OP... 


itwzov A 
Iftfc UTCpO 





M? rue w ^ 

m rfi\ 

fJoiB im //l' I 

DlfflWCG 

UBU/fij 


tW th &i peAa Twe T«e 

4WPte AVP a/#*' 

$P|pPt6& OT(^ w/W.' 




I//// 

*s 


Tie Cfl&M050A*e$ Tuep 
sepApAte, fa ip Mitosis. 


\ [(///£* 

% y/£<r 


2 7/1 
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/V100SI6 R&uOfr 

\fj Four ceu/p. 

UCW u)\TA HALF 
THE CHPp/WO^Al^ 
OF TH e Ofiifc^AU 
CoW 'efv\ - 
^5 l/^. 6 'H W> 

cm. 



p>TB W men COPY C'MoL.o^") 0ACH (flffc(V|0S0/ke 606^ 
to ia/hick <m £ cowrie tely rai^o/k. 

EACH cf -fiesE CBWM10P& 
b WALuy (\e 
UI<W AS 
T^e ^ 

A&W/6. 



\WW\js\ that \% meawoMosoiAft ow w lau> of 

\ I mini 'WWwt a^dbtai^t- 
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*ve mow tfp mow 
//74\ wepe woefwopj v\oioa c . 
/tol To swecr that 

IUJ1 ctawsoMes ww 
wJBi M^vi...ws Looicev 
\wB MM PT ?PTT6BV)6 of 
\mmJ iio^tap^... /w aae^ce 
A6# WflCtfH?— WWAFT? 

To w op wajpeui! 
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To g 

Ms<ass ? 





CRRoMOsMies fceiwe Uke oewes. w 
perwp ihor ip^rrrv ip apptngy 
se^pe&Ate ipoeea>peiniY wep 608M oetts 
We MApe. iMje^Ke, it'5 i<?6/caito 
(V$50M£ TaAt 66PSS ue Op GUpo^oSoMK. 
U*eRe most «r ma»jv ( 2 ^ or #\ct\ eve, 
B6CAuse Tw^e Most ee far Me 6^ 
W W pew P02GP 0fe0M<*>l*G& TVPlCAt op 
yios*r 6pa«.) 

A j I? Ji ere' 


Tpe DISCMW Op HOMOLOGOUS fM(fc peAUY C|W» TtfO 
epuuecnoP td (1W5 fwipks. ReM^Meef 2 » pack cea 
m A Pair of Aua# m em om. 

poip IT WAS RGMT20D TttAT : 


W 



TUB TWO COPIf S or 
A GIVEN GENE It AT 
TUB SAME POINT <W 
HOMOLOGOUS CfflMflft 


•,lf 

Ktfettr 

re-* 


*W 
Tug oi^eR 
copy wost 
% 

i, m? 


AU, TAis turps our j o 
Bp TRUp. - 0OT OPCC 
people Lookup M£Rf 
peepiy (P ro Th& MTreff, 
Tuey t>iscoiW> a 

p&u Mepppt- 

Pfl'T F&AUW- 
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T § 0 P 0P6 Wt MOT ftll ti&WhWi 

o ftftve ft wot ser oe 
CKRoM 0 S 0 /Vie 6 . WApY kHM&Sfeaft, 
LtKfe So/v\e HWL OoST ft 3 UW- 

set. ^ — N 

/ lou >& 

( 

VlP^M 


4 F V 



^ cat TO ft 
SltW &T 0 f 
ewwioso^ h 
CftLlfl? MPLOto) 
Ope Wft TWO seft 6 
ClW*DPWMp. 
fcow cat-? Nfe „ 
diploid wWLTOOP 
Gep/vy Tsex) <ms 

we HAetf?U 7 . 



HMToiD 


PIPLO/D 


PIPIOID OI&WW IPCJbJOe ftLL T(6 , , X^- 

mwmi*tv> w^> t>tP 06 ftw/iwY 
puvjjps. iaapcoip^ ikio# me PoWi 
fOJ 06 t, AHO ftse^uftt OMf-CfUa CteM^' 

IPfSItt* (LLW6, (^SUp) 
fee Ate Also 
PQWPL0I& oteWSM 4 , 

with- multiple ex / ' 

(SRoMD^J*#- ft / 

sopwipb mow# oe fe r ,#- 

ewroy ftNJfi ^ 

ftfe PotyfLoip. 

((Jot fefts, Ttoo 6 H !l ) 


T«fr OT^ (W PRoDLCft 1 
\ute> tad vptOTte op iupepeMpeKTft^o?THepf 
ft ftec^e tosope Of HOW WftflMfr it 
to -me Afeiurv To w e^ftcrt^ topia^ om iwe 
CMtt Of 1T5 ftilOHT Uf- W on.. 
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To vwvei-wv m 
mi 

JUST ATTRACTIONS, 
LeTreR5 ^ Could jussie 

TO eXPLAie WD PREDtr 

Hou> HesewrAR'/ <?i/AuT/es 
lump FASHED 
au# To future 
6ejjepATmH^- 

|U£»|A) IT Afp£/4?ep THAT 
"-&> mt actual, 


yfSfflTiw e .eJ?o‘*G& 





LAT »t> 50/He °fi oe ^ ALOF^ 

tf/Elty CELL ; m THC Tutf> 
Alueu^ OF EACH 66^ 
tuERE of The two 
OW to*0Me<> op A 
AoMcLOC^S FAIR. 




OVC PAi^HT F0FPEP 
Ip ITS poSslPt-E To 

mAKe a Getie maf 

6ttV\j>l\Mfi JUST 
on eAqv CwroMO' 
SoME AUL- Trie^ 
H^EOlTAF^ UfATS 
ZlAlSAT U>^ /) 
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Twe wfcidGR To TO 
pepeNDep oi° A 

mfaox, m w w n . ,, 

respect /vievpeus fiFPr 6 
WHICTiBP VITA THe 
opsep/EP peaavior or 

CWWAoSOrtES... 



<x)/XMEL'/- > 

the ppi^cipte Of 
liopEP^peMT j 

p&Ofn MVT! / 


observe •• the nwer of 6E^e^ /m^t ee trfaiwous to 
Sepu A o?/v\piex ofl^TO/v put to nwweb or n 
CHBo/v\oso(v\es in A cell p pAirpi Wll . AW Plant ha* 
0u9V 7 /^//?5 or CRRoMO^O/we^ A fMWAp 2&. 

/cJcLL6lOfJ^\ ~JSr~~ 

f MAM \ 

of) em A , ^*“3* 

V CRB 0 /V\ 060 Me •' J 



TO problem •■ if two L»g on 

t5e same chromosome > tfOWCAH 

rnev pe iNpereNPENT?? after 

ALL, CAfWOSOfflES pofJ'T pBEAK APART, 
Vo inei 7 SR^LPKJ’T PlffgRrRT 
6E|Jr6» SOMETIMES PE Llflk0P ?? 


rtptcAuy ' 
LlNKep- E-V Tpe 
CHROMOSOME f 



<5o-PD6eNe^, 
A^ORT INPEpfV- 
peNTLV OR MOT? 
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i^u, it TvWfy ovr 
To Of HAlf-AW' flAt-F... 



To ILUWPre, ^ LOOK 
AT the exAMfte <0*fL 
oPWAfty, WP^ vApi^T 1 / 




...AW KJOT To EAT 
TH6 EXAMflT C^f/t 

pfTO a^- 
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ToflAToft. HA^E A SKi(J- 
WTPRg 6 ep 6 (tJiTH A 
Rece^iie Auae.p, 
( 0 H(£f< CAUSES /MMy fiw 
(op CD 0R66, Voo Do|i't 

of w see nese- p 

■fee market i ) 



uicewse, Tfe Aflatr eeve has a Recede puae, el, 

CW&lAb pWARf aAPTS^ 

T«e pesRstriKf 
poMi/jApr Auaes 
A«e p*. which 

CHM7? SMOOTH 
FPOIT, (>HP i\ 
WHICH IWAKCS 
TAU- FLAHTS. 





To re$r Tne fi^apie 

or /ppewpwr 

^ofTMet^r, 

cw t 
\x> me HcCtfg&ire, 
ff , w a 
mepcMme, 
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sucrose mwe wp6 app m us me ippereaw 
o fTHM's. _ ^ 





jjSWM^ ^ PAW, tall ^ $IWP,PWARF £ PAIW, [WRF 
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mu) soe?^e p W A ue op mm owmg- 

■W HYfcfw yfM* Hte it* ^ ft 

ftOMotoeoK, pp<\g-. 






vwg» m am* i$ 
fCTUALlY 

mat roes m r 
WUY 6&T ' A ft*? 

SPLIT Ofi W» E60AL 

4- WAS SPLIT? 


it seems w mrmR 

ppepicw is comer 

all w Types pa 
WPMR. m i*> we 
VjWPW&v 





SWm,Tf\LL 

ffM* 

48% 


KAlRK, TAU SMOOTH, PU/APF VWpF 

PVkU* PV>*id pp <M 

2.% 2% W 



it's eefwuv 
Cix)^ To rue 
PRPPict/c^ BAsep c*> 
mN# TtWTo 
iwm. poTir 
f Att> <* Me 
UlW, TH0P 

MW pip we 
%*/ 0 compm^ 
Com fM ?? 
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5 o weft's yoo (e A AW without evez $ww 
A 511 ^ 66 ^ = 


fjlfcT l*AKe A $ST jow&e)s of 
C/?o$^ INWIPWU 3 

PHWjfc IN m\ov$ p/ufa 
0 f WT^.- 


Hoo& 

SoM , 
Tomroi 


/I 

1 ? 

C 

P 

e _ 
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// 

j 3 

l«fj 

.03 

•^l 

■y> 

*i 

JA 


.t ,7 

B 
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1 

Lvf 
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a 
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0 
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■ 

■it 

•*K 

L 


n 


£ 


.d 

d 

■ 



h 1 

F 

1 1 


I.VY 

L 




B 

hy 


ym ^ iw orrey e^q-i ?aip 
\b ^effftwzv &i cto 9 ?w<? 
oVZ R (w Look'll AT Tve 


W ftflT THfcM 0tfn Tw^ 
M 04 J cutf&Y 
Wia ^ cu^esr 
foeeri^, 

ETC' 


&&> 
lAppep; 


6Wtf M», IMAVPlNk HA* 0e£P 
ArftiepTo a vftpierY of 

tooo vem 

HAve w® /nAffpp i^j me 
pACfeRiwi e.c*u\ ?&*)T ?oo 
^ W ToMATo ; £w |H Trt^ 

House moiee. • a fe\p 
Huruppep no hum/v pery^s, 
Aun»uqi xm ia)A 5 poue *y 
mm* m eAf)& ... 
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ei/eN prr THIS TW Po APD up/ A WW HA* s owt 
%oo,o oo so iue <?arrv ah AW6e opiw ^ 

WOTPWS AVl^ce. 
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r +-*\A 


so 19 MOST ^PIAW... miMW MUUE8 trite THe PIf?5T To T 

peMow^ THe aiut^^ic powen in 192.7, ^ 

He iRgftviivreD tot rue* (* fwm a^mau of eeiJejc^- 
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toUTAW W Ceil^ {.SMAf/C Ceius, as pIST^r fftoM 
Germ cm*) wav ijovoivep i ycAHceR- it mms 
S^HS^s THf GpppS CcfPRa AWT THfc 

INCUPPIMG THe PfloCeSS of P|p|$|Of>. ALTHOUGH 
ime m Sim wv Aeo<r c^cm it 

involves Mutation* that leap the cell To'divid^ 

OliT OF CONTROL. 


/V WTA^U^ AW& APe /vt$0 CfiZCMQ6£Wc (>Kep- 
CK>W — WrticfA ^ ptop + ppi /6 people look 

oar f®p mta^k twrrw^- apd Wf v&> sa^ld 

Limit 1W ^fi^ALat \f irn We pALe 

€MP- lUHWWiflLeT Ll 6 «r |4 W/jAWC-l 


that? 
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tyiMT PfTEffMiNES 


Tne color of ?e(\ 
f lw, TKt 
TeXTupe op Tomato, 

Tie MlDfe Of ' 
?eA fW-E AC** 
of Tiese owuTie§ 

15 rulbd by a 
sipae aft#... 
fr/f WHAT 

#>vep|j& that 

MOST <WfcW, 

app 

(IN PWA|J6^ 
bW&TfiWML 
vmepoo mm) 
/hpmpums •• 

Tie pirreRepce 

otw*h 

Aw? HtMLt? 



sworn 




f>\b 

FBBT 


TW&vettoUT Htsro^ 
ho imw TfW<^ ’ 
TACKLCt) fm GU&j/Of 
THAT ip^-ceiW/ 
t^prr^ WM wspirep 
To com? ice 
ezovi \]QL€hh 
tfl$ CWM 6fWpPl£$$ 
HYft>Tpesi* BecA/we 
The 2fc2«>... 



uAlpy 




HAlHV 


Smooth 


SfEK/W 

Afflw* 

tom- 



e* 


UTYte 

r&r 


\T6 Tne T 
HCAr 

/VJ<^ .. <*- 
T«e peat# 

m ruse - j 
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But of course vts 
IN IHe 6 epes... 

NOT Lo|J 6 WrTW 
Homologous 
chromosomes iuep6 
piocovepep, 
So^e^opy notice 
AN excerpon- 

HUMAN MALES HAUE 
Ope ffllfiTAAT fc 
Hot HOMOLOGOUS// 



(MAS CALLED / . M SMALLER, K 


the only Gertie piffeHepoe eeth/len (human) males and 

WALES IS HttSs 


Females 

have 

Tino 

X 

CHHOMOSOMeS- 




Tne W 22 other fairs of 



OHRoMosoMes Afte THE same. 
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/^er'6 ouer iwAtce 
Sufte tmis faopuces 
ft>Y AHO 6IPL 
&AW& IfO TA6 
RI6AT A/WT6. 




Miosis, PRopyces e<&6 carrv/n^ the X cmttosom-, sm?/v i 
Ape ez?UAuv piv\pep eej^iu ^ wp y~ 
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BASIC GENETIC Qv&Xiop 
ReM%5-- MUCtf 
GENCS A/fc R£SFfc>PSl&l£ 
ft>|? (WAT? 

is iTTue / CHRoMo^crvie 

That makes a 

Mtf, OR \X0> IT 
Tte A DOURte 
pose of a to 

AIAV£ A ffcMAie? 

IMHAT fr)0UM7 HAfrep 
P SMieWPV IMITA 
^ cAfioMoso/Hes 
fiflp AY?? 



THc^ ACTOAtOV 
AAfPE/JS a 


TMeN- 



TAese ^esTio^s ARe aijs^pd «y lwm 

jTCASes Of ^MtTy So|y>Ws 

we is q?RoA iw /makih 6 sfwi. 

AK> SeK C«ft)/»toS<?<Vfg 

both sex 
CRfiWUtfCWe*' 

Twe xxv Cw«Mmw* 

swtfcpMn ^rpim^ op MAte. 

W IH w PRe$W op Jv>0 

X 9gfMw«Mes ( tap y c*wa 
mw&&. mstiibMX 
W5 Of fftHAuT 


v mmw* 

SlVOftWe' 
"Tupfj^ ^^0^6' 
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toMWAUTY i6 THe WeR mau conation XW 
ovwity ftoute in awut ope e>iRTrt in a truant. xyy cnMtfeN 

up To 06 Nt?PffV» L — eXCCPT THAT T^ CND of 

IN flfiKdY APOUT £0 77^ ftyE OfW W W f^T Of 

rue WLAT fOf>- A0OUT 5% or AU fftl$oNep& HAV£ 
Afie^TRA V 6HR0/v\0^0/vif. Some $a^ 



M06T CC^CiST* lU^u(,t> Be 1 M086CMflfofc~ IVe I/AST 

(AfrOopiiTi 95 70 of xyy (AAtes mttor in 

?P1W>- 6o \T6 ) »56|g0 6 TO 6AY W TH6 XW 
^AlWYfr cW&> cpw/JAut^ ! 
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Vo MWAlS 
Vo IT WITH 

xi mV's? 


isiot tfecertwnt sex ventM- 

lOATU>P ¥? HAhJPL^P AU 5 oPT5 
Of ^6, TW>#* /MAMM. WT 
AAve th& $me 
ft* 1^ P9- 


&ot ^6 fav? \Xs Mr rue 

OfTo&re' — 


/ft XY- ream 

frtAuC' 

AWP ^> ARC FCAUM 
Hve> v®eu? fW' wFeRr/UMP 
wb. 'mi'm Mt HftFtc/p, 

\»m&6 AH PlPLJtpZ f& feifiAle 
(TKe f^Aopnv of i*e we)- 

5 ^- Ct^o$Me$^ 

/ JJll'l 'jDU 6/W \ 

/ To Me? I fwetf. ) 
/ $l*T«SF, if? LlWf 

I •Kfle ohi haup J 




w 





90 



weVe sew TMT all 
\s& && AW*rri|J6 m 
?um>i sexmAiep /matter 
/w Accwmi/tMep just 
Two cmtw^m,/ ftp. 

t^/MA ie, y fl\ALe... 


iwe 

toP 1 JUIfJte 


now we Mi&rr ask rue $uomto> 



Ate rum any ' 

OH WSB 0 m& 

HHIC5 m 


Jmi$ <\ &DOV KfrSOtt lb MK-- KMWAM9 BfihWl 

paw* taat fcrew jo teseX'OMKep 


v%&i$ that Af 

CM)STW> 

APe ^jG&S 


$0 w 
fAO^T 
COM- 
0 WP 



PITtp 

m 

MU'* 

mw$. 




*Ve/*WMUfi * A f/tlU'KE Of Tf<£ HW Tb «OT. WHcf8lUA« C*> pt-pR» To QeATH 
fpcAi A flWAU. COT. 
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'iou |AI$KT 


cojuaupe 

that 

6W? Lie 
oPTte/ 

&lt </<?u'i7 

&e guro^? 

actually 

hemophilia, 

COLOR- &L|K)f^, 
^peprrAPy 
WW&f? Ape 
ALL CAUSED 

ey kece&w 

ALLCie^ 

op the 

^ Ctw/^0‘70/^e , . , 



TApe TH£ PXAMpte or eAlPpe$si 



Tif ReA$op 1/UoMEP Ape Rarely 
PALP 6 that ei/fcp if they (Mi/e 
PALPRC56 ALLpLe op oifex 
chromosome, THPy way have tre 
POM lPApT tfON-mv o\j THE OTrt^ 



Put itsHws up ip Mep 0etAu$e 

THE Y CHROMOSOME HAS PO 

allele fop that #epe at all. 

IP THe APSEpCE Of A PoMipAPT 
Allgle, tae Receive k 
eWRe^ep// 
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let's see new rnese s&X'WKZP ARe Passbp auw- 

Su?fose A v /v x ^o 

mortal ujomar A 

tXX) 

CAlLtOT W X 

A PAU) (AaR 

CX^i.pV ). 


THE pfWreRS. (X^X) 

Ape Alt CARRIES... rot 
PALP THBW«LVP 7 t TKeY SpU 

ci#f TRt Receive 
TA6 9>& m NoRMArL. 

\\\vV_\\ if y^P MOTnei? is 
' jy F.wW'i Ya> CART 


/////V/ tot pALPpess 
fW'tW fPcfA^P' 



NORr ^eHCRAT/GR- SofpDSP 
c^e of tap CMWeto X 
(«Appies a 

mortal W. ^ 


OR T«e AViepA^O, 

HALF TAF DA 06 WS 
MU CARRES, ARP 
HAtf TA6 SORS WILL 
Be PALP' 

\\\\l_Yv Car itot 
/}//r 7 / tfUWSS FROM 

///// // fyljt OAAT^RfJM- 
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He/WHlLlA H? PA6W (Kltyb /-IKE PALPUS, A^p 
‘loti CMJ tve The fi4T-ref?K !|J y\cw\fc FAMiiy Tpee 



VICTORIA'S KMEW> FjfoOP INTEPMAfWP mn THE R^AL 
H0U^E$ OF gPR^fe, $fBeApi|J6 Wip TOPICAL PP0PUMS 
IMTP fRU^lA, 5PMIJ, ARP PpE-F^OLUTlONARY R^IA... 
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f\u Ttfe^e had 
W&ev ewiwev 
IP Tew* op 

eem$ 

£>&>&> Wv W 
located. rAfVfpep, 
W imu 
FATTER Of 
iNfiepiTApCE 
AVALM2PP- S/ouJ 
typ tfUeSTiON 
ftemA\tJ0p — 


ivnv Po ^^rricR^ 
|A/W WJEP BEADS'?? 
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&aa/aw$ gorilla eweftUX «wjd 


jr i m^^.xne 6 ot« 6 * X 

/ vxn con wecreo To iii£> 

^gMDoec^Mic R^TKilA-OM .-- 
T V& gfJDOPLA.SM.tc perfC- 

oum cotivecr&> to 

TMC J^O-CAg WgMBPAue. 
L - NUCL£HL , 

\ cowecje? to ... / 

N. ;&\G\(S\ 




VJHV DlDfl'T 1 
UlVTBM TO <AV MAMA 
amp vecoum A 
LAWVe-F? 






IM OCT, GW>6 AMO N 

Yamaha* 

COAAPH^ATeP, WT 

^Cief4Tl5»T5» W^FAlpeD 
of fv^c UNoep- 
5TANPIM6 TM^ 
MOU^CPCAP GfMPTicS 
Of fCANT* AMP 
AMLMAU5. 


fM^TfAP, Trt^V 
*TOPl£P A MUCH 
siMPcep ORGAN 1 *** 1 
A TjM'f cm ATUP& 
fPOMD Ull/(N£> 

TVfS&LL/ON— „ 
PUSHT...IM .- U&{2£" 



r- 




COM, THAT 

thpwt^ IM THE 
iNieyr/H^ Pf 
AFB* AaIP 
\ HUMAN*- 
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TO 

thiaucof pactefia 

|M T(3FM* OF D^eA^, 

5UT £ CSfc./ (A* IT'5 

O^OAu.'f OAtt-Pp ) & 
Wally ot>iT^ 

6^Hr6N A^o USEFUL . 

UWC& CTR^pt BKT6p(A, 
£.CoL( (t> fAp 
tP6$ CoyfiPi^a TjMAI^ 

T«e cFU^ of Hi6K£p 

uffc it 

Lpcfo /host of the?/? 
IPTf RNftL ORGANIZATION, 
ANP ITS CHf/vllsTRV, 

whiu? cm?L\ckiw 
W 0U6H, |5 IW 
S|fl\fl£R TMA/O THAT 
Of m% APD pApApAS. 

/L^rj? ^t /^ipf 
OF THfSf 
E. coL / Awp spe 
How IT BOOK'S... 



■9 S|;i : ;'- ■ :r^ : V V-^:*Tr V V 

*m**W ;■■*; ' - ^ V - * . *. ,*v,V*3j 

%m-M '.•-- ' M 

IfevSL ':^ ;■- :'! -■.■• ..-.v. :•') ■:•:■ . -j 


rr..;> 



fcyy ' -/ : 

IV - 


V.^v i; ^ 

f* tj'; * ;> ; J 


-V " ‘ 5 W/| 




^ v •. A'. 


m* 


iVl 

;AiV 






f/*A* 


■V-' 




I*?;.: 




*s*a 


; i /■ v v».*^*<* 


1 



That TAf)6L^t> 

m&y I 4 ? THF Sinfrue 

WflM|J||J6 TM& 
Genetic MATERIAL. 
lPA|HfJ6 OFF TftF 

cHftw&ome apf 
fio/v\e uo(J6 
$lPAtf>S IVITH 
P0VVL6 PALLS 
SLIPIH6 Atone 

thfm, thf sire 

OF SOMe 
AOTlOlTM. 
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ip tue 

GRotW, son \e 
turn 
iv ! oiecmes arc 

fyaip6 APART AP 0 
VPTT|fJ6 TO6BW01 
V/Vpl OV$ OOfJb, 
STR|p6H TKlfJ6<b 
Ap£ Alt AR0UPD 

TlPH &ITS 
OP RAW |YIAT<£R/Al 

aPp> wry <?f 

toRT^R. (CAP'T P0 
WlT^T It'O 




o 

© < WOM . v 

MtTRP66K» 




SbpPRtSWG AS IT MA V S^M, 
ALMOST fVfPYTHINS (M THAT 
COMPLEX P£TUP£ IS MAOe of 
jost s|k piffepEpr elements - 



fMPSpftQPos 


SOUpUp. 


IM JA6 CfU- THESE ATOMS APe Jortgp TOGETHER To 

MOt-ECUUBS- 


Tfe SIMPLEST A|0 MOST 
APiWoaNT W PAP IS 

WATER 7 VV°- 



v 


AHoTpep S/viauu ONE is 

THE PYRAMID -SpApep 

PHOSPHATE, ro+. 


A 6IT DI6LEP APE 
W P|M<b'SpAPeP 
SUOARG- THIS 0M6 
IS fiCUCO^E, C^CV 
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But MOST K'MPfc Of Moi&ULSS 
in me uw cea Ape euopMOos, 
CoMSlSTIhfc Of TAOLSApPS OF 

W. Tuese MACROmoMCUL&, 
THOU6A LAp6£, ARe 6efJS/?AlLY ^ 

MAoe e>y Toae-mgR Y\ 

/aamw copies op identical ht 

Suft-UHiTS. _ 


a 

•V,- 


jUTlCAU ^ _ 

t, T® 


sowowep 
BY soew ? ! 
i'm im 


PotYSfiCCHfiRtOB'S , 
F*/Wie ( ARC t)O^T CHAIMS OF 
SU6AR /ttOLECUteS.TypIGAL 
PoUf^ACCAAPlOeS AR6 

starch a^p cmvLose. 


UPlPfr Ape A CLASS 
Op Mope C0/V>PLPK 
MAcRcwaemes, 
HAVIIJ6 AT leAST c^e 

epp immich is pepeuFo 
watfr. lipids 
Form a major 
CO/V\PDP ef)T OF 
CFLL /Amd RApes 
AMO IMCLpoe TAF 
AW(/W*L FATS AMP 
VF&eTA9Le OILS. 
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Tiu pAOfle Qmusi. w most impofwt in &?, 
m "we Hijueic Aar* anp mrei^ watch owm-. 


TH6 gUILPi^ 6UXte fop 
MOaeic (\at7& Ape 
CAuep MCLeoT/pe>. 

An inpiv/ipu^ (Juaeoripe 
vr^etf wte 3 awpoNeNT*- 
A 3V6AK. A PH&PtfATp 
ANP A 0^, UKe ^ — 


su^W^ 


?ri05FHA7^ 


TH^e Afle ttoOKep To&Ttteiz id /rtAKe A 
WAff-pM^PHATE 'MCKW" WITH A SKPime op PA$es 
^WNU Ofp- . s n 

\\kyxf- \>A$<Z 

phofrptate 


fu^r- 


- 

phc^pli/flte 
^ ETC !' 


- fe>44C 


TKI6 MAf 60 ^ 
WMlUim Of 
^aeoTipp^ ? 


THfc Sl/foAfc /WM 66 0N& Op w KlNP£, WAlCf4 ^ Illl^TpATE 

fTWJ A LI 1 Wlff Pe^to HVPTO6N ATOM*. (THPY 
CIUTT6F Up TK^ flCTUAeO u 1 



Ripctt 



Moutee? ofe 
L&6 oxybev! 


VeoX7fiiPo*e 



THe PHoWre 
ppom THe ® 

LIKe SO< V<3l 


melt touch ijie 

C-atsr pop |jobu 

weu just there 

we 9 KM7S, WITH THE 
A,r&,T 

w?u. 


IH m 6 Nfy uucceic 
/W MCROMOUCUCE, 

fiU rne mm fine 

thb erne. 

Uk NUCteiC ACID 6 WITH 

JTv Ape cAccep 
. v * rwwcwc am, 

> ) -| Op AWA Tnose WITH 
// r Pgo^gi&ose Afie 
4 v K CAU^P PHA (D 6 W' 

\\ 4 wHoaeic acid, of 

A / F cafoelV 




\H w>TH PH A ahp Rma, 

TBe aftses /viat ae pirrwr* 
ipM one wuaecTipe to 
Tue next, 6h/iio{? hucccic iws 
rne Arpe^Awee of 

ito so/vie stW& MoceatAp Lw6UMe*. 
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IT WOULD 


iwv 7^ 
LOfk'! 


to ewW- 


7 H& most commev 

^cRDmecvi& or all 

tttf l\ 0 icm MX fftVT* 

Vi %<$6 -MO^T Of 

m of mart *. moaoM* 
me pRorew that CAW<e* 
oxw TAP0U6H me 
bloop^cam . ft*w, , 
pewTz Beceii/ep mg 
M>eeu fgize uj 19L2.... 


Mgr ip a ccrtbo* Ppowf m simple too-. Lice 
ornep ^cfvflouzcuLfr, thp/ ARe to^ aw of 5 /mall^ 
submit*. 




Ike soewrte 
Of PROW 
(vtoiecuies me 
4 AfW /)#&>, 
(ajwca wte j)crr 
lOAMep Afrep 

101 AMIN, 

mr FORMER 
DICTATOR OF 


ACTUALLY, KeM£>OO 70 l|J i* 
TWO PAIR Of 50CA CAMPS, 

w meo w ip J w 

6 YMMen?lOAC 1W*^* 


' ^SUBp/f 
of coop^e 
wi mi 


iMce n 

fpo/M ,m £ 
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■foe TYf/CM piWiflo (VCip 
LOOK* LIKE TUl^ * 
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1*1 Ml, Wfc 10 

mho 

(\Clp6 60 |ViTO 
fKOTeiM6 •• 




M wo op w\ cph vJoiij ro0ffl& 

To fc^ivi a reprm m ) perry. . 

APP 40M6 (Wope AUP 4(JU 6er A 

FvcyptppP *, ot mown 

CHAM- 



(WDfWbejfc pMineo!') 
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Mot ove \ twi A fflecfre ijump 

PiQP G£T$ / AMP SEftWEMCe Of P/VllMO AC/D$. 

OOT Of / [MUJTC/^L ATT^T/C^ 0ot& Tim 
L\W / CAU^e W Olft/M to 0X6 UP m A 
FMRLi Compact, put fl^Xieie sHAff. 
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EHZVMeS ABE PROTEINS WHICH TAKE APART OR put 
T06ETHEP OTHER MOLECULE S* EACH ENWE IS 

responsible hop just one specific reaction* 

IN W^T^^HE^6HT 5 SMAL^^OtEa/Lel ^ ^ 

MOLECULES TO OWE AflWO. MOLECULES- 






•■•/W COMEljJSS THEM... 






SNA? 








^// 

... into a nol) flocecuie , 
WHICH 16 fk#\SEP. ^ 

>££7 aJ'l 8 PT«° 


THE ENZ'/ME ITSELF REMAINS 
UNCHANGED IN THE PROCESS. 


^WN 


??3 


IN A SIMILAR WAV, Pl60STlVt 
ENZVMES SPEAK DOWN LARGE 
MOLECULES. SEVERAL KlNPS, 
fOR EXAMPLE. CHOP SUGARS 
OFF RV/ffACCHAPIDES Hi 


M> 
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©G 9 S OtNt, SMI ENZYME 



Twp pa>T/0p w 
teTttieeN ee^ aNo 
FIRST 

e>ecAMe cieAR in 
me iw's, wpk* 
To ex?£Rllv\eNT* 
pe?CTM&^> ev _ 
6lOU>G6T& OPORde 
BtAOtf m 
&WARP TATUM, 
WORK# WlTfV 
MUTANT STRAIN 
OP Tpe Common 
0PPAO MoLp 
tf0URO$POGA 
6R0UJN ifJ $AT^ 

OP OWCAu 
NOTReNTS. 


PAC*v MUTANT wp£ 
POUND TO 
W>RR CHEMICAL 
NUTRIENTS in ns 

pier than oW NPPP^P 
0f NORMAL MOU? 

gXAM?l£, OPP 
mOTANT PAD TO PP 
pgp AN eXTRA AMINO 
ACAO^Hlue ANOTweP 

CERTAIN VlTAMlP 
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THE PeASopjHEy 1 

KB 

-WHILE \\ 

>-■ u 

WA6 THAT \1 


Th£ MUTATE? \\ 

o \ 

K0P/V\AL flOLp 1 


COULD POT- ft 

V 11 

WA6 ABIC TO ' 

fflSRR| 

because wv 


MApofAcrope 


MOCiP 1 

A H 

Tab- ifli$siM6 

? 

SOMfOf | 

*4- \ 

A3ureieroT£> fpoM 


Trtf fMZtfMfc 


I OTHER CHEMICALS-- 


NecessAfcy 

TO DO so-- 

• * u 

, 

■ 


u\ 

/ 

rtuM 


a» u 

^ 1 

Wm 

1 

'f' 11 


BY exAAUSTiv/e 
cao&f 6Reeoi^6 
APO BIOCHEMICAL 
AM^SlS, m 
SweMTiGTs ptscovepeo 
Hu$ V4€/MTATtO# 
or A MM G0Ng 
U0PT&TM6 MOT 
Of A StNOLg 
GHlYMe. 




The Metabolic rale 
of the Anes is to make 
enzjrmcs,and each 

gene is responsible fo* 

one, specific enzyme. 





- 




1 

,i 

Bp, 

'lISSEi 



W SHORT: 

0Nf6&m> 
ON$ GNZYMB" 
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SCTHATS WHAT (%$&> PO-V\m 
ZWHWeb — 0OT STIU, (JOBOQV 

Ump^rstcop pka qvf (a/mat 

TnPf MFRS... TH 0 U 6 H A flpST v 

srep im that preecr/cip hap 

B££p MApe |p Tfe kW's 

&f W GRIFFITH.,. 

/«y 

[ accept ) 
V really ! / 




Griffith wpRKep with two 
STRAIP6 OP the: f)PM0plA 
^ACTOplU/M PNEUMOCOCCUS. Ofc 

was the ViRulfOt "wild t^p&" 
Foopp IP 
HATH 


tho owr uaceo a 
cepTAip vseo i*> 
MKltib Twt THICK 0UT6R 
CAFSOLF SFFp lju TH0 W|rn 

T^pe. 





u/neP /Pdedep /Pro /viica 
Tne 10/ OD T4P6 IpVARiA&LY 
CAosa? piseA^e... ' 


Tne /yiutapt pnfumG' 
COCCUS. OP thp otmpr 
HAPO, HAP PO EFFECT 
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£Ve^)TUALl>/ ( IT IVAS UNDERSTOOD THIS MV 



wic-p! 


> N6A : 



2 N6A A»6/,_ 



m<bH!r 



tub GCNeS 

or rm w/lp 

TVP6 |AAp 
sopvivtp TM£ 
D0/MN6 AMD 
INFILTRATE? 
THE Live. 
MUTANTS, 
TRANtfOfiMM 
Tmf harmless 
DACTCRia into 
TRE DEADPf 
IWILP Type // 


IM TrtE 1940 '5, 0smu> AV£M s&TOuT To iPFNTiFV 
TMS TRANSFORMING FACTOR-' 


0 O/UM 6 bacteria 

W THE VATFUL, 

AVERT PRECIPITATED 

EXTRACTED, 

CENTRIFUGED, 

ANALYZED 

OVER AMP OPE R... 

UMTIU we RAD 
A THIMBLEFUL 

of Pure 
Genetic 

MATERIAL... 
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liUu6W /Wfcf 2 ^ Hrl6 f?f^>UUf6 I^J ($40, t^0A/ SC(dMTl4T^ 

l+fMV 
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eeffcee AveP'f , 
SC|&|OTI^ (AAC? 
fAlp UTILE- 
ATie^Tl^ TO P K A. 

Tuey it 
C0NTAIH6P T^e Su<2AP 
peotyR&ose, 

PLe-NTV OF PHOSPHMt, 
AHP POOP PAS#?. 


The pw PA^e5 Ap£ kw A6 4 t c <5, aho T, iwhilw 
app $MopT raz*. 



“fte# l/veP£ At6l/tf£P To gp PPK^T ^OAL SWOPTONS. 
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Pfrep. AVEPT, HOWEVeR, FESeARCHEpS SE6fr|J To look 
M ope Cio^ELy... 

wm/ CHftR0Aff fi)UW 

® -me c^?otiT/oH of 
PM* VAgie^ FROM 
out $?fccie*> TP AwoftCR, 
IH VAKTiOJOg ||J twe 
FELATWE A/'AoUfJf^ Dp 
AC, 7; 6. 

j£> lM ANV PM A, 

THZNUMW ft of /U 
THe$AfiA£ AS 
THG- OF 7*5; 

similarly, me 
fJlMBEf? Of C's WvS 
fOU*U *? THE 

Mt/MePg ofg's. 

WW Pit? THIS MW ? 
CUAPeAFir COUUpjJ’T SAY... 


EY SToPVlMk *t?A 1 
piqURes OF PM A, 
ROSALItfp ^/XK4-/M 
APLE TO SHOW 
THAT THE PM A 
MOLE COLE fpoPA^LV 
HAP THe CORKSCREW 
SHAPE op A /HSg4/* 
WITH TWO OP* THREE 
CHAIMS.- - 

0UT WAS IT TWO 

or THgee...? 


£ 
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IH JAMES WATSON ANP FRANCIS CRICK CRACKep 
THE ?OtllB. 



&t PLMIN6 to ITH SCALE 'MODEL AT0M6, THE^ OBSERVED 

that apbn/ne fitted together with thymine, 
while guanine paired naturals with cytosine. 
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S> WATSOP AWD 
CRICK PROPOSED To 
stack taf-m op 

OpE AFTER ApOTHep, 
UKE STAIRSTEPS. 

Two SU6AR PAOSPMATe 

STRAPS W 


HEuyn 


OUe CWiXATio/o; 

Twe Twto STRAMOS 
WIAD IP OPPOSITE 
DIRECTIONS « Tf[B 
S 06 ARS CP Ope STRApO 
ARe "<jps\oe pou)p‘ 
compared with Tw>se 

on Twe OTHER STpflno- 








I SU6AR 
PrtO&PMATE 
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v c 

T 



fais iweo cteftRW 
u wl air's mmff's 
opseR v W t Hat Trie 
fo\jrt\eeROfn is 
ewi to THe weee 
of A's •. r app A we 
Au>W$ fAiRep ToeeTHepf 


VTTo pdf 
Arioc* 





this is Trie PRINCIPLE 
OF COMPLEMENTARITY • 

eAcH me cap fair 
(pith opoY ope OTriei?, 
cAU/ft> its complement 


ffeop /Vo crick sot 
T rie \p£A !! W lHP°Te^ 


“it has n°fc escajueti 
our notice that 

the y^ringr... im- 
mediately du^este 
a possible copying 
mechanism &?jr 

tbe genetic, 
material. v * 


iri fftcr, vr is Tue Key 
To -we senes whip 
ftW/opS' RepliCAT/<?p 
APo f Roieip GWeeG. 
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Gepe-CW^^OR P/M/Jk R0PUCAVON A3 WAT $0/> AUp 
cpick 3 AW, 13 simple ho prihtiple. #?c/v strand of 
The POU&L6 ueux CONTAINS THE, INFORMATION 

N£CEtf>APti TV MAKE ITS COMRUmNTARi WP. 


SCHEMATICALLY, IT WORKS LATHIS: U/HE^ THE P/0 A 
1$ READY TO MULTIPLY, ITS T NO STRA/OQS PULL APART: 





aum> each ewe, a new strand 
Ft>R/ns j(J the o/Jly Possible way- 


we W/HD UP WITH TVJO 1 
copied op tab op/l/hm - 1 
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/M PRACT/ce, THE- 
PRocess of Rgpu^A' 
Tio>n b FAR Aiope 
CO/HPUCATep. 
fvfm in w /wUca- 

STOpiFp E . COL / 

IT IS /Mpe^FCCTiX 
uMoepsToop. 


iiu £ cou PfpucAt/o^ Berios u/w^u A "smrpiM" e^me 

COM TMe D W A 5TRflUpg) APART At A SA1AU, Rf6/C)U CALLED 

TAe <W/£W. 







In TAf NFf^weoPHooo arc PoW 
of Fpee/i rucceonoes, tmf 

^DIN6 BUXW& FOR THe N6 aJ 

stwps. faca MXlFDT/DF 

CON^ OF A St^AR, O/JF af T*F 
w A^D TMRFF pft*- 

PAAtK TRA(UfJ6 AL0N6 
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uJiAeM a fPee fjua^oTioe 
meets rrs comptemewTOV 

e>A$e qo to pu A, ' T . 
STICKS, WHtLfc THE VR £*)6 
MocLeoTioes Bounce 
AMH- 





AS TUB H §JJ»PP/|Oe" 

<Ws w 

PNA FURTOR , 
mope siUcLEOTtpes 
Ape AQPeO, AHD A 

"cue W e^me 

Puts TACM T 06 &TAPR, 
KW?t|Cf| Jfc OFF TAP 
CXTRA PAO&PAATeS. 



a/p Ct 


/p ct/p^ 


HP cup 


raw* 


cue cue 

cue fts 

cup cue 

^ 



aw. 


tais PPoceeo& Al 0^6 BOTH straaos 
x, siMuiTAfoeouscv— if» cpposire 
>' WFCWS. TAF TCUPfW FM- 
>fMF CAM 60 OMOT 0^6 WA'j, 

V RUV(J|f )6 SlWOOTAUf DOWfJ Opt 
/’ STWP, WH|ue BACWi(Jb Op TAP 
i Of AFR I/O A SCRIPS op SpDf?TS. 


'QvtlC'C's 
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WHATO/eP TH6 PeTAltS, 

TMC PRlfJClPlf Of 
CO(V\PLffrte-MTAPlTV l& 

TAfc KI5W TO flePLlCAT/OM. 

as we a as to rue 
6Ppe’S secofJD /w 
WCTiON: 

/1v5v<lfJ6 , 
( ewiW5f> { . 



128 




awe it> ww 
5WApe&, put |fi 

w important 
Peepecr they f^E 

AU AU’KE- 





* " 'jfJXJ&A'#' n-~ 


U?T go c>P the eiJt>5, 
(W THE PROW 
ijOin Re-fou? reset*. 
ouoi&ToTHe |Aom 
Pwetiop* wwb 
M eofflmw*- 


S'! # ^ ** • ■ 

V f *° ‘ 

V U(Jf06P W PROW,, 
P0 YflU'U f^P ITS 
SIIWPLY A CHMH Of 
APAUPO ^CIP6. 


CMTUM.l4 t AlAW Pffora^ M£ep\ 
HELP FROM MOTHER “CHAPERONE’’ 
PRoTfifi TO FOLD UP.*? 



-that 16- Tue sequence DenfWft the Struck 
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-A> 


i hi view oe m veMo&w eerweeM wes w PPoim, 
This su66«ts jm rue sequence of pm. a Must 
soMepow wAaei op Reaecr rue Sequence op tao 
fWeiM 




Tltf 3 ^«W?JW ?6 «£ 

We yuvs my he 
tl utag%b of as & series 
of “words " specifying 
the order of amno 
a cid$ in each protein. 
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mi wee of 
' Tftese agents 
Aft PApny Oj? 

mwix wve of 
rmoTHBR 
fiucteic ACtp: 




NV Poes \ 
Urt HAue Ti> 

ooMfucAreoy 


Ttf (YlAKerTHf 
TgAWW fft>M 
D^A ‘INFOS' To 
AMlfo AciOS, $ofl\t 
^rti^ATep 
MOtECotAH ^lAOUPePV 
u)Mk> flora Ft Ay... 




PP0T6IV SW'faeSlS 066/MS ^H6f> A tfeblOpO? P M A 
is T6 a$£D apart aMp a wot-Fcui-e of r m a is 
boitf aw>md omp stramo w am wihw cAttep 
y?/v /? PCLYMERflSB. this process is CAufp 
TRWSCRiPTION- dfe 


IT MAPP^-S AS IP 

9/0 A RepUCAT/^ eACH 

6A^epFTH6PjOA IS 

Qa^?twepv'Apv to - me 

CoRpeSFOPOtMb $Ase 

op me ok) a. 




this PM A IscAteFPTwe' 
M&ttCNGZR, CR *i(?<oA , 

eecAuse it carries me 
wetic /HESSA6E FRo/tf me 
PM A To me PRoTE/p FACTORY. 


rue “words" < 
of me 

message ^ 
APe TWPtfTS Y 
OF0A$&> - w 

4-£-4, /* 

ftc. me L. 
recpMicAi ^ 
MAMe tfcR pmp 
of Twese croups 
Vb A ■ — - — 


3 


■c 


4 


Codon 


133 


rM sme covop 
m ft g|p 6 te 
ftMltf) ftC(P, ApP the 
lo^ue /wp|0A STISA^p 

^ftjpes> a ?f?<w 

(oe s&vepAt f^rei^V 
IT£ Ju*T HK& A 
ivi^A^e i(j cope— 





w .. 

\sUUVU\J 

V 

V 


im cope B^AfJ if 1 
v^j \W, m» m$mu 
mmmG ftsie to nm 
ft SfeeiAl rtinp^A, iwcse Opiy 
Bftse WA5 £/jf/*C/4 ReftAM? O0i 
titoow* •Tpt-y-V." 


uuu 

ftftA 

ccc 

U 6 U 

6 PP- 

W<b 

GP 6 


fOUOlrt 




Lerretz 


te 

NJ 



u 

c 

A 

0 


u 

uuu 1 png 

uuc f VHe 
UHAI. , 

U \)6 5 

UCO 7 

ucc, 

VC A 
UCO 

Sex 

88 ! 1 T * 

U6U 1 

uoci 

UCA 

U66 

<* 

4 T?P 

TRP 

V 

C 

A 

6 

c 

CW 1 

CVC L j gM 
CuA \ L u 
CI/6J 

cci/~ 

Ccc 1 

CCA 

CC6 


ss** 

CAsl ^ 

C60" 

CQ>C 

C6A 
C66 , 


U 

C 

A 

0 

1 

AW 7 , 

AUC 7 

fivflJ 

A VO m 

ACU ^ 

ACC l Top 
ACA \ m 

fiC&) 

ffii » 

PA6^ LYS 

A6U I fe, 
A6C \ ** 

AR 6 

A66 ) 

u 

c 

A 

1 6 

6 

Cui; •> 

6UC L Vtu 
6UA ( V * u 

(pVO J 

imnH 

PiB 

H 1 

!ac $ ** 

f ft A 4 6w 

66U ‘ 
66C 
66A 
666, 


u 

c 

A 

6 



TfW cove IS RePVHPfiHT- WITH 64 
v fl?ss \m Covopt, $or otn , y yo 
Km y THef?e ^ust be swwi*%* 
DiffBpewr cocoas which wcove rue same 

(VMlpO A-C(D. 

c ifH^ APe ,, 5T(3P''Sl6/0fr^ THPK COW W> 

J\ VO HOT ftW AW AMH0 Acip AT Ml- 

rne^e sepi/e to wmbote. 

tm> % o>oe is jWw-we 8 Ufp|p<&. Tug "Wopc* 

f&U0U> EACH 0THEH WITHOUT 6APS OP CVeftLPfr. 

Welt see swptW How It IW W& To start. - • 
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2/21137 < 12 /HI 



























W LOO? 


m> tnjJA 

m rme 

WAlfi^D 

TH6 'AHT/CODCfil" 
W wpp 
WITH Trte 

tomuemwm 

CDPOpOf 

wRpft. 

AT M "THL" 

W ot 
W 15 A 

$mw 

ATTACH^ 
ft 5 IP 6 U 
WipO ftap. 
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f PDF AFTiCOT, 

Ir 3 THepe \b an 
yurticrt $eCD&p\ze$ it 
and attars ihe 
AY fWfaATe aaaimo acid 

ID ITD tRVA. 



t 


m 
m 

Tue 

ANTiCoDON 

WV 6 * 

To THE 

Wl5ft\eWTAfJV 

C<W 

Dr 

ihik-sage. 






scAeiwAucAay, this 
is -me iuav a 
STBiuc of eases 
15 tfan^atsp 
into A sfeotyee op 
Amiho Acids. 


PWi» 

THe cat m% ove 
/nope fleer or 
©^IfAieMT To wA|e 
It imork-. -Rte 
Rfdoiom. 
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1% FwAU IfWgpfFfJT j(j THF ?RMP- 
WAWPk AppAgATuS |5 AfJ D£JeCf 
TAAT H0UPS G/eprnW Ip ?LACe, 


Tims is Tue 

W&OSOM0, A 

p^me ball cf 
A^ oUT 5P PRoT 
l^FAPP6V> Up WITH 
P N A. T«(^> 

RNA I6> CAUiep 
WpOSOMAl' kna, 
r PMA F6f? 5HORT 



"M. 


THE RWOSCWC HAS TWO 
£L0TS IH WHICH MOLfCUL&S 
OF "fcftlA CAM FIT SNU&LV- 
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C tkw to MAtfe a twe/jo- 
W&P the wR|JA reaps 
put rue dp A sequence, 
'T FPTeRS A seA 

c?f Rieoso/v^. 


* G 





^ UAlf AT A T/MF ( A PIPO- 
SOfllF 0 ||JpS 0 ATO T(A 6 wRA/A . 




tf * 


w\ 


ft 


*c 

^ / 


- “^y' 


A'U & AAt> TAP JO0XT 
CPD0/J £AC/A £opP MT(A 
CO/ttpie/nefJTARV tRjUAS, 

WhlCA FIT JATO THE SCOTS 
Op TAC Rl0OSP/V>e. 


L ^ ! 






7 r>: 



Tue AM/jJO ACIDS 
ARE UMVCepi TUB 
16 

OlSCARpeP , App SO 
Tue Rieo&oMe Aiwfes 
AuoMb Tne /yigssA^e, 
riu ^6 U 9 AM|po Ac 105, 
WjjicA fao-rwe/vis&ue* 

W A ?RcTeiP- 
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Tm Connie Teo ?Rcnei^ i& cuppeo off AMoTAeR 

pt&ogo/tiAt ei^w 


»T iSAt^ COM^OM 
AT THIS P<W Tt?p -me 
rwrefos 7£> ge riPiep 
up IW VAp/Dt^> U/A^. 





Finally, rue Pusdsomo, 
MFSSAG6, AMO tp|JA 
€ > J660C(ATt'.- 





... AMP TAF M6W 

/viAcpo^o-eo^tF Goes 

OFF T&Oo \T5 J00; 
STRUCTURE, 

OR u)Aprrev&D... ' 






IfJ w IW6 cea, Alt Tuese Presses Ape 60//O6 ^ 
ibbeTneR. Tp«s »s tfou) it loo^ s iv £COM. 
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mjp foott) you uwwd 
KfllP WK" 

IfJ €. COM // 


-^*3* 



m a MoiAm 
hou) much we'i/e 
already rww> 
eNCopep it> the - 

CHPOMWM 6 . 




Triose Ape Sauces 
ftwipfe evepv 
TBA^ra? p n a m otecutf. 


...seouevcft k?p 
wBija, which /me 

TKA^IM&> INTO 
VpCT^Ip- 


.. . APd Sequevcft 

ftp BlpOSOMAL 
B |J A , WKW 
flT5 PlBecUV 
INTO ~m 
6 TKOCTOPJ& Cf 
TUfc 



nw, THe pnA i* 
tup 0 Li/e?m op 
All w a?u'$ 
e^Jfpi flfVF-TS. 
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we AH pV APKIHk Afoot 
GPPlUAS ARP PARAfdAS, ARP 

etw up iRSipe so/vie irsip- 
Ntftw. Lime pup, £#&/... 
row what car we sjw A^> u r 
OW Upe R 3 RMS * 




fiF*T tom A lope the ceus or ?iarts, w^i^acs, 

arp b\m APVApcep c^eATupas — in fAcr, any cea mu ^ 

fiOCttus — is CKtep A EUCMYoTe ( , VoU'CN?PV-OAry 
MeARIRP “6dpp RuaeuS" JR 6RPPK 


puCAPyoTe^ C0RTNN ALL 
SORTS UP PoPtPS, POT 

Tup m is THe Ruaeus, 

WAlCH CONTAINS TH6 
CFpoMosoMes. 





TUP T(RV P^TPPIA, WWTHeiF SlMPieR 
STRUCT^Pe, AFe CAltep PROCPRYOTeS 
CTP 0 -CARFy-W), MeARIRk 
jjucLgus" jr ezeifr 


f^e tpeA i* 

That FRo^yares 
/YUM UAte; euou#> 


M&9* T«e _ 
(vjupe C 0 M^c/*T£x> 

euc^oT^- 
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( eucNftoTfc procaryote 

ewe -rue 9 Mie 9A5 »c eeweiic 

gi(MfWT 


„ ^cGCAUu^A^ccfi 

" ■ ■ ‘ » t 1 ■ ' I I A i *- I I l r 


~iA&wc>e R 

PN P 


IFWf&L 
?MA 



V 


p! 6 c? 5 ^& 


IK ALL UFE, the GEHEnc 
CODE 1$ THE SAME 

A PACT WRICA 
SlRotW SM&fr 
THAT wrAU 
COAie A 
CoMW AMCSR#- 



w*e D We^ eer^eep pro 
M>D O' •• " ^ 


To mp 

mu, wcmow? 
KAve At>L xmp 
RIPO60M& 

00 T5!Pe TW5 
iwaeo4, ^epAp/w 
FROM T(^ 

PY A M 6 M 6 PA(Je. 



***> 


VTS A BIT 

LIKE ICI^k 
T«?W6fl ?l|£TK.. 
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Weep uoijj t>o 
g^A^YOTeS |V\AKE fRoll %&?■ 

the Answep 16 that 
the fiucw MeMepApe 

HA6 poRes. Ti^e ape 
06 fttaJfep To AUOIM 
PH A AHO VAp! ov$ A 

mnm. im m fax- , J 

mep/^e, to pa^ twwt ^ 

EOT RI0OSOMES Ape 5 

Too 00 To FIT. 


COT'AlUM Ul 0 J 
I Op (J^^ta/4 ' 



7\ . 
mM&tWb- h 


tyHTHlH THE MUG GEU6, **RHA IS MADE A*> IH EActfRiA — but 

w cm cmw womcwm... 


<3 



8!fl»r 


v 

5 v 
V & 

3 @'d 

j 0*2*1 

/ USi 




W FUHCTlOH) OF THESE ApD OTHER 
ADJUSTMENTS To gUCAPYOlit *"RMA IS 
uHKVW 


AT THE "5TAPT” eHP 
16 i Jeuhuy Appa? 
A Aiopinep, opsipe- 
pOLOM OWN/tip 

>cap: 

AT THE OT^eR 
EpD GC&, A 
STplpE OF 

WENMZ ^ 

^OCtEtrnOP6, 

/WP6 A fWt'A 
TAIL* UP To 
5goepAt hundred 
/ uuaeDTiOe?, ih 
LE pETA- 
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TUE MtjCT MOVE Cf\m AS A 6REAT Surprise To GEWETfCl^ 
A COMP If K OF pRoTEifl AMP RKA 6RA0G THE vn-RjOA, FORMING 

lOO? G, LIKE TKlf> — 


<sv *\ 

:?Y d&. 



fg*l 


the grmpcex — caur? a fPLtC£o$oM & — 

THEN 4UEARS CFF THE L 00?. P^CAfcPG IT, 4Pt-|C£5 THE 

RfcMAiDiw6 Pieces Togcthor, amp pfpakt^. 



H 


• v° 



fASrfw 




(SSn)” 



THI5 |G &I7A|?(?£ { EUCAff^OTK ©EVK CONTAIN iTUMK MIA”- 

NOlJ'COplJJG ^VEf/CR THAT UA/F To gF CUTOUT 

gpft>R& the <%ij£ caw gg &XtR&&t> 1 .! 


/? 


f TO kfcEP > 
SPLiCr>ScM££ 

v «5S? 
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\-fc iwos r tMvTmoot!! 
ftfcHT IP me (rt\t)DLe 
op a fepfecTty &w 
6eiJe, W ee 
seveBM /vieApip^t6^> 
se^uepce^, ^acb 
Hwep$ pp 

h»U6LK)TlpeS t(?p6 T4l£-5t 
APE CALteb 

INTWMI*. 




w 


&m 


iubat w«p 

W6 WF£ 
16 AUVBODYS 



ft>ft S oMt ftEA SOP, E06ARt/OT&6 SEE 
f, I To LeWC INTAQM6 |p THE 
4URO/Vl0#We 7 OpUj fttM0VlW£ THEM 
FROM wl?WA AFTER TRAN/4 C(?(Pt?oP , 



The INTROS Ape Sb/new 
Recoonrep *jf T«f ^pucectfoMes 
(6uM?L£5 C>f PPoTP|)U ftMt> Rn/A 

PE 6 EMBUW 6 A PI BOSOMn, 

UUBUTB 6RAB THfiR a/p* a mp 
SNIP THEM OUT lEfttfg 
PftOTElP S^UTB©|6. r 


pore that Twe rcmoi/al must 

Be fWf&r ei/epy time- a 
swpt op oust om w * 
i*w mpou) cur s^Vtbip^ 
"DoBiM^meAw; KoiMipk 
TBe fftoreiH. most 
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f6 IT TrtfeOU6H THe ipCL&kt 

pie/WAl#, m m>w 

“peADIpfc? 0 i>t'‘ Tie PRoTeiH, flu£H 1M 
smt & irJ tpocApv^Te^ 9 
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A BKTepilW I* W Tpe SH#P 
wiweeR op 200,000 

|p * U*W, 4^00 IP e-o^ 
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nj fzcomiTi 

Of pUCARVoTlt fof&> : T^y 
HMW (,0T$ Of SO-CMtep 

Repetitive />//A..THBe m 
se<?oe faces op (oucteoT/f>ts uHvioi 
Reffe/vr wiseLyes mam t/mcs. 


we fop 

EXAMft$, MAi/e OfJe 
$em>& Of $OM 6 

300 FAIRS 

MICH wre ARS AtfApiy 

A mum tunes 

THIS A SUHWnAU 
OiDfiK op a>p total / 
WAT OW IT 
MfcAP V. i! 


f A THIHP > 

yecociARinr of 

WCWCTIC 60^'- 
TH^y HApfcqz lot* 
Of So-CAUCT) 

psperi-n^PHA- , 


^thc% ^ 

M?e sepK^ 

Of jWU£WK&’ 
WHICA Wt 
IP efcaues y 
IW TiMft. / 


^we wm*. m i 

i oxAMfte, me ' 
I we- 6ft?i/EReof ^op 
fAlp-5 wfc« . 

wewfc Mem* ) 

A MW *rwe* / 


WHAt ) 
CAHIT 1 


M 


Y?A 
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EV6P 5/MfLCB APd 
TAAp A eACre^UM , A 
VIRUS Hf6 W To>£) PM?ts : 

a err *f HUueic Aap 

wmv 0? IP A Wt7A/ 
C<MT; 



l//gw 


Tut toit 
AGO, U)|toa 
M &£ P H A 
OP f?OA, 
ENCOtfe? THe 
PfiOTElH COAT 






m a vi£u$ 
cah’t fwtovuce 
its ouw 

peCAMSe IT LACKS 
Ft0P50/Wfc> AW 
Trtg Ke$T 0F 
A U\/I|J(? cell's 
PKOT0/J' MAKING 

6W/wr 

A VlfWS CAH 
WLy -hi/e" As A 
pApA$/re, py 
WAPIK6? A 
Ht^T cot 
A^D TAKlKk WeR 
ITS RlpO^MeS 

EH0R^. 
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that's A TYPiai LIFE -STYLE (op E-STYLE) ftp A 
vipus, 0ot $ om viruses APe even s^eaKiep- They 
ACTUALLY IF^PT THEIR <£ENE$ INTO THE Host cell's p/UA. 


r 

A« 

RNA VlRtjS (TnCocW 
AN ENz^Mfc THAT 
fMKES A PM Copy 

OF ITS RnA AMP 
SPLICE IT iNlp THE 

Host CtfPqvNo^we* 





this is m peAscto 

INHY SOME VIPAL 
WfECTlOJJS APE 
INOAWLE • THE V'lRUS 
eepes CAN'T EE 
fr>TTEN TO op. 

YooR 0WJ CARoyHO^MeS 

/v\aY e>e DipecriNO 

THE rPopuCTlOW of 
WORE VlPvJSES III THE 

AIP* Vlfo 5 W 0 ?K$ 
TWS ftity. 
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VTS ?09>lVtf THAT Sim 

orm Keffcmiye 
yvutc p jo K 
If Oifc CHROMO^ES 
waV rtiwe awe ffipw 
TWs souKce •- Auaefr 
Viruses TAM /V\WA0£p 
TO It&epT 
Ttw Hef?eprrARV 
&LU&PRIKT IPT o oup 
WCesTofi*' p|J A. 



ip so, the 
WlNO" Of 
*iR|JA |y\AV HAVE 
^vou/ep A 4 ? A 
pepfH^e 
aoaihst 
IHA flwRiATE 
&Qvew& sw 
Wto rue nipple 

Of 6&16& 


Tuan's ApofHep 
WAY A ceil 
c*> cohw wm 

PAPASITiC pha* 

it cap Simply 

Stf(/r THOSE , 
6?Nes pm)- 
W5 ItolH (HE 

pew. wtu 
ppt^rnive 

THPY'Pe THEf?E ( 
eUT (^E 
I6|WE Trtenn* 
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mat omz> 

BfcAU>f AR^i 
CW 0eT a 
rW ^erreH 
&m Of 
MUTfflto w 
powmuce, 

A MUTATlO^ P 

a 6epe v > just 
A CHA^e iij rue 
PNA'* S^l/ajJCe 
or fjuc ^ of / p ^, 
&lw A 
AT to OU? 
Position 
AAVe A PpofWP 
Effecr. 

to IS A SMALL 
PUT PEVASTATllOb 
{M TATI OH IfO THE 

to ft * wmoemps 
m PROTftfJ IWAlCH 
CAtfFies oxy^> 

IH M PW . 




6oop mutant 
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( 3*e Reason, or covRte, v? 

That rue c^i)(oe & REfusctev 
IN m FROWN \NHlCA tk 
fepe scopes... rm rue f«RNA 

?me\^ r WRo ^' m Tmi ™ E 




TAl5 e^PeClALLV PfrA^TTOU^ /VlUTATlOp, m\m \mm?i$ 

rue ppoTeifJ ik m wpie, m<&> A serious conpitior 

CMiep THfiifi&eMfA' an iwniTy to mAke Ae/wlobin. 

Tue viCT/zw suffer mw a pawl lack or oxww 


$omvm a chan^ iv^f no mem& at a u. if 
H ou Bepep pack To T«e cope TA&e, Hou'a recml t«at 
IT* ^OMCWHAt RRPONPANT — MeAjJlNO that owe AMlNO 
acip ma^/ ee eiocopep em meRew cooo^ 
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occA'WAur Trte "mrAW acu? wq fir ft fo/fty 
l/oau ^IKOU&H ItftfAlt i \j&> TuAfJ WfW ' 


Sot<\fcTiMe$ -Ot 1 ^ IB a piue 

iwh m « P&rfm w w?m- 










we mev that most 
notation tvRe 
Recessive , wow we 

CA*> 5 PP U 3 MV- 

|\ (WOT(VTfOfl U^AU/V 

ap fNA&ury 

1 b /MAK£ to> ePZYMe* 


Ih me e^Mfie (W. 
THe|WTAUr<$eWe 
P/Viteo To f\KK& 
HeMo« 5 u>eiw* 


*^= 5 S flower. we 

///// Utoie TfttfJg 
OP OVpoMD^M^- 
EVBMFA /wTW 
Afi^fc 0 f Ttfe/W, 
me K l(o^RAfice" eeiJe 
U)U STILL f gopoce ITS 
frizyMe 



&£»p 






MP 



ft> HeMe&D&JP 


0 f)lY me ypUCKV 
SOUL UJITfl 
A pbUeUr 
tX^e op MAHT 

WILL 

ee WfFUCW 
W 

TAM-A 44 eMlA - 
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BUW fitful IlLlfcTFAie 
AMfueR Cmiwr 
fACT 0f Ufg : 

one wn> of 
cm cm row 
/fro Mothw 

KtMD OF cm. 




A %tv 0LOOQ ceu 0e&v$ 
n$ m^wct As a eo/J6 



iwaw&w cat, 

A feRFa-RY 

6w 

evcp$Hcre } 

WT 

LACKI(J6 ip 
AeMOGLCW. 


pi soph? r^iM, 

A MfWCat 

To 

CAApa... 
fvMDpt? 

W66 f IT 

ft? ^r-5^ 

(V'AK^ 

ei/e^uAu-v, ir 
ewees as- a 

PW 
pe»^% 

R£D Blap 
CTtt- 
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r 





% 



k 


*\LL THE mw LIFE 
JUfopMS EXHIBIT AH 
\MppeSSWP COLLECT/OH Of 
CElUYf^ 1 NERVE, 

WOQ, MU^LE, SKlfJ, EYE, 

www, ere etc etc... 





O^YiTe 

WWEKft, \\ 
(\Ll THESE 11 
CELLS HAVE 

YHeciseW 

THE SAME * 
SET Of 

wetom 

they Aflee 

FROM OfJE 
FERTILIZED 
E66 EY 
THC FROEe^ 

OP IW%, 

WHICH 
DUPLICATE 

Tpe 

chromwm ^, 








o ^ ual , wm m ftcepflot*!! 


CLCA^LV, Pi* 
60^09 COME 
\WTO PLW 

in Drreiwr 
ceus... 90 
each cat must 
have WA^ 

Of 'Wlpi| 06 " 

MICH <?E|jfc 
TO ”TUp|J Of ? 1 

w ww 

To po it. . . 



oTH&me, 
CHr VFe/\P$ 
Tne results' 


the lowly pacterh/m ^ep$ to regulate its 6eues 
fi**> 19 AVAILABLE, IT tfcepS To MAKE ftzW* To 
JIWT IT) l/W IT RUM^ Low OU At> AWf)0 ACID IT HAS 
To synthesize more; etc etc etc... ’ ^ 



As o$oAL, 

the qv&Tiov 

HAS w# 
most TltoPtX^ 
9ropi0 w 
K&U. 
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f \\ to f ihp n 
ft>w or &Z\% K66ULW 
we the flWH 
*ciejJTi^ 

M ONOP B(JD 
fRM$Oi$ JACOB, 
w w We i^o's- 
Tt\ev exmvev 
Z C0ti'f> (MUTV 
To PI6KT Tne 
SU6Ap serose. 


^ *5* 


MW 


,<r 


n* *th 


W®-/y 

? ../ V3^\ 




L^TOSE 
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WITHOUT W70 

TH& pemiLe or 
TH 0 K exrBRimcKT^, 
WHICH WepE'CpUlTE 
i WV£m\ H0?e Afte 

SOME Of MOW AM? 
JACOB’S IMP 
FESVL T 6 : 



tw 5 

WAS MORC 
pimcrt-r tmah 
A 

SoVffU! 


fl^T, THfY foO/JP THAT TUB €>Z\0> f&g 
Y w z , CACcep “UcY" Art? *iac t» 

lay Toeernef, *>we by sipfc, op Tfie 
CHfloMOSOfte. such a cu&iH? of 
worn RLLAW mVMK rn? , 
Re^lWfl? To^TrtCp, 16 CAUcp aW 



AT THe SWT Of THt$ 

(am> QW) orerop y, a 
FROtoorep mtop, m 
CAltep lac p. THIS 6 

THt sire WH0pe thc eh^Ymc 
*V/! fomepfise Biiops 

OPTo THE PA>A To AW 
iFAWifciwi? ute MessA&e 
IHTO *RPA. (see f.B3J 


© 



167 





T/fE AT/OH 

16 s|iv\pce * 

$pm promote? 
Re^^ftpe 
Mope wxtPcm 
TD RM A WMepfise 
than other*. 


X 


THE F&R A 
MUCH' USED ftW/WE 
HAS A PROMOTE? 

mm, 

tow ef\w m>\$ 
WWW, 
lAHne A <3fye 

zwvm ah mm 

K IH SMALL . 
> V»ILL HA^ 

a iw^e •■mmT 1 ' 

PROMOTER flew 



: „ 

, $Qj&2& : 

' /» *• 


ffiW ABOUT 
The LACTOSE 
Of EfiOR, IRWSS 

erzyaes- w® 

SOMETIME? Re®>£D 
|R ^uAHTiTV 

(fcW LMT0SE 

tspReseRO, 

E*T OTHEpunSE 
HOT 

AT AU ?? 


/<« o 


'iHAts ^ 
U>HeRe/*c<? 
coMe* ip « 
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* MlMtuf hot lW # sr ^ Dotwrwfe •Ju^/Mna— pt>r iJCven vwpu 
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ip the uopiwAt state or 
the Kefpew Sits 
ON THE ww, RefK^I^ 
THE 06PB- ^ 



W? Trit SU6AK. 

Ase sups 


N?T 


5*te 








u6 comes a uTne 

TO^e, ATTRACT/N6 THE 
essop: 


THE fpTlRE OfEpOP IS TrteN 

exfftesser pepeateolv. 



CJBES^ 


THE »mY MM* PRoTElPS T 
PRIM IP /WORE LACTOSE APD 1 

DIGEST \T~. o, 0 



vV* 




•>*&' 
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Pef^oRs 

TUfiu OUT TO BE 

ft Common wAp 
TO £&VLflrre 
Wuaeie" ^Zym- 
I f-, ftJZtfMK* Miot 
APe-Wf \\i 
pe^Se to ft 

ixrose... 
but oe^piTe this 
Wiuwt ireft, 

ftlOMOP ft|JD OHO# 

Co0u> jia/ep 
ftCTiftUY f/jop ft 

it 

pc/wNHep ft 

Po5S»|UTV 



■~ urn mi, u»nep mien &lwrt amd e. mteRmL, u$//i6 
JjgPV PWP T^P<CUfS, ftBie Tb &>Lk& W BLV$m 
fPOWS. ^ 

W PBUlT? MftDt ^ 

FW W IT - >3 

HftD B&V So HftPD ^CSt7 

TO ftpp THEM- \W\ /T 

ft S/^te 5. <3fc/ M 

BACTepiOM ftftS / 

optr /7wr to / 

727U MoLecu^fe / A 

of lac wiwm- / $ 

t-ftlfp, ^IttegT 

AlftMft^To *- 

W20D MUfftMT 

£.#£/ Tuftr \ 

Produced it ^ m*$)X A (I , 
iw mw Ltfm 
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Amm MetHct? oe c*w. 
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AS BEf&pF, fill 9 HAlfc 7H0P CW$M&> 

Mb AP (Wop, IplTH AP IPI7IAL ?pOflU>TtfP p&*W- 

OPUKe w lac ofeWi 

ope has po fifice ^ag@@g@s@@g§@@3@@g 
ftp A iWt^op. dr 


O 6000' 


9 ir 



(Nl^TCAD, THERE IS A 
"LEAPER *B?UEKE" 
EPCbDlNfc A tePTIDE 
KlCH Ip piSTlP|PE — 
the VERy stuff we'ffe 
TfcyiPb To MANUFACTURE, 


ppa foLv'MgfcAse gawps by 
TRAfJ$Cpl6|pfe THE UAPEP 
sapfepce... 


’(fl* 


M/v ...appa 

V 7 ' * pcosofle 


ftfllftl 






T 

'A* 


'F HlSTIplNE |S PEe^rtiFUL , THE 
RlpoSc»ME 7iPS AM?PS ? Ant> 

A LOOP FoftMS IN the *hPNA . 




•£] 


Is*SKa 


^ .'/i 
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®sa5Eirf 

b tWMfe of 

W$T\Dm TvfcNS THE 

6BM9 ON, Vm 
A ^STlOlWE 6Ur 
Tvm tT 

OFF. 
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U w portrait of 

QQG, AS SK^rcHCD Pf 
MertDfL AK>D f/ttep frl 

by law mwnioM 

[>e?icret> am object 

flK^> (\fc> V)^CHA(J 6 ^ 6 f 
jV?lp£ FROM OCCASfOpfa 
|WTAT/ 0 p 6 . 


eepe 


imopg pew Discover *rtow a ^ 

iWORf MOVABLE ItyP fLftST /C~ I|J pact, 
AP IIKWTART Of Oepf fta5ULATtf>P 
pep^ips gm iMhat [*£ m i^rt cau - 



^ .^ 3 *- 




mere i 5 
M» 0 * 1^10 
(OP Efr^M^ 
WHICH CW> 

Cftse a 

Particular 
se^/nepr 
or pm A 
T 0 FLIP'. ~m& 


£335» 


S^S 




5 - * . * * • 


t *' 
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him ooes this Remm 
A Left look. 

at ine w&THflfcAi aepe X. 

the /wwe onm^ 

1/^01 w MI 6 HT AS 
(AiettTHlMK Of' AS “fMfPASe, 
|S &Co pet) IMTa A R^iop 
opsrffeAM prom x'* 
PPoMDW 



I Or x* 
\rpoftpTER 


fc-'KippAse* 66 N E ' 


sowewM uw it's time to s^t dpf w x, Tne 
fnprAse &evz is AcTH/Aiep, mawim*? the ^zwe. 




it wefts a s&Wr 
jpcuwe its ovf) 
ahd 60% x$ 

PLOTTER. 


WBW 








<- 3 <V 39 




5ePApATED fRo/vi 
i \ts pftoMorep, 
om x has geey 

Sieepcep. TW 
iPrteiJ THe t?me 
CO/vies To TOW 
\T PACK 0|O, 

Tue iHvepret) 
flew is 
/-> Re-lMWep, 

U>J WWTHE 
X-fpotforep 
V, into place. 
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^Stcrio^ oP- 

\ i— \ r-» — ^ 




ARfc &mmoh ip ft?™ 
PR0CARV<?TK> W 
PyfW'i'oTC'S' m>\v&, 
JPWTJP6, w C*> 

Ovwf rROM pLAC^ 

To tlacf, nv/M 
Wwoso/vie' To 
chromosome, -me 
FULL FUjdCTIPM OF 
TWSPOSOPS 1$ 

STILL A MV&TSRV. 




the most spectacular examples 
THe epcopi^ ANTtBowes. 


or ^uMPip 6 &iies ARe 


■\ 



AMT( 0 opl 6 S APS 
TROTHS (AJIWCP 

apt ft* r*e b^pTs 
1/WopS. 
Thfv Attack 
BACT^IA, IftU&S 
AW OTH0P 
MKMfUL /(JVApeRS. 
There ARE UTeflAUV 
fllUOpS Of 
PoT$m AMTiBonfs 
each KeytD io 
W Lx act SHAPE 
0f its "tytfri: 

HOI *C*>So 
Be FHcooep 1 ir* 
emsr^ 1 
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pATtfeft THA^ HAV1M6? SlUlOfJS CfQg^, fop WHWI&, 

Tne 0»poMo§c?Me6 carry ft “Tout Kir of a nv Mmev 

FAflTML GZM$. 


IP C8W 
CfU,S, THESE 
&T$ Of P|JA 

m cpt up 

M? 

peMW^EP, 

eACH 

PecoAIWNATiOp 
6feu,i|)6 oor 
Tie sene 
Uf A 

WtWtAft 

AWOPY j 


O 





Hou> The omvm Rebvtms this Process is still a Rinpte 

AS ARE /HOST MATTERS Of fuCApyonc 66N6 Re«£)^ V' 
QUESTION Of HEMOEUMN (f-|£5 ), ft)R fXA/wptf REMAPS 
KlTROUT Af) fyJSPER. 

it's cufAe That 

T«e fcexiBue 6^fs ^/L k — 

OfEUaFYoTfS /xY^^ /I 
Will Bt AN ACTIVE / 

ApeA of RESepRCA / J\T 

If* Yws TO Yf^Y r 

a >/«e. \IZIJ / 
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Tte CowArio^ cty eepflmv bizarre- iy\o$t cmmojlv 
Auw 6e^ ARE ATTACitep TO -fl^E of A BaCtcRii/W, ' 
UI&&C0lf... 



180 



we m 

THE 6|?ouf of 

we'ue %m 
Kovewffc fww> 
the cjwobfcom, 
m so mm 

I^PKEF V&7 
towwmyb To 










(m srucipG prPew 
oh A special type of 
cotti ^6 enzyme 
CAiiep a HesTfiiCT'Ofii 

ewoNucLefl&F, or 
Re^tr'ctiow enzyme 
roR short; 



A RESTRlCT(OM 

etnmt 

a 

srAo^ep 
iw 

I M D|0A 
AT A 
specific 

Sequence 

or pask. 


TMe e^v/we , 
m eKAMfce, peto^fc 

oniy w seqW ct 


-<t- T-VM-@ r 




T«s cfg/vre* two fieces 
<?f IHITA IPQJP^ 
T'T'/M TAILS." (BECAUSE 
CTTAA -6 I* THE SfW AS 
ITS CCMVte/^r ffc/VD 
PALKlHABPS ! ) 
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E-cou v$e* 
eco ? i t o 
Cupp i/p 

vipm 

DM, 

BUT KVjMAlg 
Hftve pur 
ft Tt? 

copstRucta/e 



Trtev rn*» uitrn DPl^ fi«W Tia»p DlfMBPT SOUHC&, say 
f- Ca6 / app kpmap, Art> tfcat poth with ww wriig 

SAW TEST TOdt- 1 



TW$ 6|l/e6 Tf*E M BOTH 

THE “seif'PAcKWApPV 
tbMr^EPT^Y" TAIL 


Ssgagaa 
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THE TAILS SfJAP TOOTHER, AHP, AFTER TREATfflEMT WITH 
UMS£, W mw IE THAT SEALS IJIC/CS |W THE SUbW- 
PHOSPHATE CHAlH, THE Rea>/H0IA/A*/r DU A IS 

Complete / 
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Tue rec^iQOe it cmu® 


LUCKILY £. COM m smi i 
W& OF PjJ A CfrLLtP 
PMSMtPS, sefARATe ppcfw 
“[He MoflOSOfot. HOU CROOK 
(Op A PtAS(Y\|p 

CCf>TAlplM6 THe $CQ VW£ 

G /!> A'T-T t T, APP REMOVE IT 
PROM THe. 0ACT ERiWfl. 


2? T 


That pure- 
Yoo THpOU^H 
nnepm 

.SCHOOL? J 


Fop Hoop PACTCRlAt 
p p/ ft , mou Meet? 

$0fAeTH\|J6 THAT lAlia 

pe ReptiCATep wee 
iT 6 REwep to 
TH e ceu. - a 
y&CTOR] so-cAuep 






Just AS hoi/ 

THe \\mw Gene ipto we 
fLA^(V\|P — 


emz$ it' 
AMD set 
\HHftT IT 
(MMT&/ 
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Tie fpocepupe souhw 51 (Wt ft* Pflpc/ne, \T h- . /j> 
fPActJce it ci* 1 ie west coonpuc^w, wt rue ir» 
\i# im wwe eoivev w*r Tncxe r&cvdi ypoeurtts. 
ve cty to Just A^t AW ^ i*ig (JWt... vivbivf 
$ £ CCU, PVT OTHBfc f^>T-6WI|J6 0f?6rt[dl$/VlS 
(uw« As ufcu, ev/eN i-iKe 
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At LEAST 3 ?f W>TW W ?R0POCEP pf D t* A 

UAve Medical posswnes- 

m/WU&mth HoftoMe ^l^ni 

Prevents ope type Of ^ — . 

dwarfism. people lOHose IISB^llsM /, T ^ 

Generic (WAicE'Up would ^al^ Mil *\Jp£ 

otherwise leave them i£SK||9^H 

6w t m^aaum ip yS&fk 

pern w ^tiu 8 fexceepT^ ) 

fDRXOfjtv ^ 0T ^ 


WEARS POWP SU6Ag 
IP Tue RUX>P, HAS 

/>>P6 0eew wpe dy 
othea meAus... Pt^T 
should MP peco/Hp 
(AOpe ?LeioT[pOL t Af)p 
ftssieiT cvetfefi, 
makiue Life easier 
for diabetics — 


Let TA 6 M EAT CAKE - 


1 U 1 



tmRfem, The 
VWos-p^hter, pseo i5 
pe so scarce it cost 
a mum voum 

ANOOAJCe— PUT VO& \T6 
(We W THE VATP^ P7 
KlLL^ op ^ coU. 
UM&PT^ATay, po 
RHOWS EXACTLY (AWT To 
VllTH \T, THOUGH 
CUptAL TRIALS OVT/^E 

AM® m a rdp^.. 


IT MAY C0 t pe CAW 
OR THE CD/MOp COLD < 
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IjMli 


Or ?R0ftT6 
fi&M fRcrj&tPS. 




Cflfrrfll&fr 
WMetew 
me im 

WOGYffa 

EE*** 1 

OW« [a 

WWMk ■■ 

w tern* 
a 
m 


YiWRfc OOP 
Of f&KS ( Vf?of- 


WWfftW 
fft?M 7?Vy 
6WJWA - 
we MAK£ 




w*ck jm the wiveps iTy, this \* T«e cwse ep *>/*e a>|jcep|j. 

( Y» YSS 

\ *&£CfieT§ A /^ A 


A can >v 

pesfAFCK ^ > 

(30IPEP &vTne 
FRQftT /MTfl/e 7 i 


r'v*! 














This Qje^Ttop v\(\5 AITWM &?|je To THe Wftefte Couftr 
WVW Kl/LEp THAT tNV&TfP £,!??&/(/*$ My 

FATeVTe? ' 
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m mer wan Money... iM*r 

^ HEALTH ?? fto/n p//2$r p/tys 
&ttl|)&R|M> 1 FeOPLE Mfc 
*'^0OT PReeDi^ H0N$1 3©P 



the f£AP WAS THAT TAWpgl^ WITH £Om f?MA /vil£Hr 

CFeAte a svrep-mviY oem pfacci ppiut. 

peMfjuefB, 

Lives IP THe HUMAP a ✓vfr/' S~^\ 

lVje$Tive — if a ^vv yi (<**>&*. ] 

viriWT stPAif) shaap 

e^cA^ fftw-jAe >, 

IA0, MifcHr r 

{*§ ro ) ' 

liAV^W^T, 

f^AUKe^>Tei^6 ^ r ^ 

WOULD LOOK 
LlK£ TW$?« 

ACCORPI^^ SCieHTKTS VoLOfJTAft'LY APoPTeP 0(/miupS 
To Him POTENTIAL HA2ARPS... 


emotes cau^t 

WPAH W*0$ AfTBR 1 
COfrt&lpipfe, £t& j 


'It?*?*. 
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Tie MO&T TMP<> to THIS- THE StfMt 3 0E 

wiwx used n* cu*^ sepes has 0?w $o 'vom&[\em> 

PUHl(J6 ITS YEAffS Ip Tie Lie, THAT IT CAP po SUPM 

IP THE HVM/V 6UT-" 
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rt? CAN TAKe S0 /m 6 
COMftJpr PF0W THP PACT 
That BiOLo&cfiL warfare 
( 6 8fvueo ev 

TREATY, 

m Ho\) vem 

Kp<W- 



tfxt WUTCtM^ 

<5^tiap £A|S6D 
H £sc«rapfc 

fow^r-A 

#MW FACT OP 
ww* upfc. 


ipiy u/|(/(ji|ru ft*: MmK/ 

JPAfJ THAT 6ejje SpUCttJC 
SjtttiP 66 STbppg?? 4 ? ” 

£fW£T WWwr 0CC#W, 
TAC Prologt^ 5W "MO ■ 

W f?eoetr m me^al 

KWANC& Aupfc WITH TWC 
/HtllTAfp USES ?? 


EESlPES, TUB ?OI$op$ THAT cm? EE WE THIS WAV ARE 
PRW6CY NO WORSE THAN THE ONES THAT ACReAPY EXIST WHILE 
MepICAl ADVANCES fRoivl iSE To 6E Tgwy RtVOLyTfOfilAfiY. 

yew X 

/ tcruspeAtttE A 
I OJg fWMAf> ) 

V Y^tewiw- y 
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bo FAR, THE WCCg/l&> IK) W flEU> 
UAVC Qplkt |V) V/|Rd$*S, WCTtftA, 
AW p PtAUT&. PUT Wf'ffE 
OCT-rlWC? |AUCM ClOSetf *R> 
W>PttN6 WR6CTLM WV1W HUMAN 
BS9N& 



LW (AtW^ T0STS <*> KUMAvK 
sciemv tfusr wppi* A PtFf&etiT 
STMPARP fBofl TAATl3bl/^|0||Jfe 

^ wms <?/? 

PACttpiA. 



That's ww we wow so weu 

WHAT CA^es WOe* l|j NATS... 

HOW couu? iou 

w? w 

To flPP T«e 
CPKDSfeOf 
c^cep W 
HUMANS” 





ASK f*>A 
UDLWWSflps’ 
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..WttICA \b To ZWWWT*? 0 |J STIR OP 

CopTRov^V, A 600p eXAftfLe %pb ReCePT At T6l*?ft 
To Tfim Thfiussewfl. 


A* you ReCAU, 
TA6 OWTiON |$ 
ap iwe>iuvi to 


W¥e hemecoM, 
cme p m a 
(Y\\ST(W "Stof 
cjopop ip j$e nvv le 
of tac 6 epe m 

Oft Of t& CAAlPS. 
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soom & oov , turn that t he- same 
approach up<p wtw pailep f^at w 
im Mice, still, ix team op PoCTOR* 

from u c x.ft. peapet> to try it 

Rt/jAAVS WYMYJ 


rney Fewep we j 
^sy MARpow ceu^ rpo/n ; 
a Tl TW> PATie^ TH 16 H I 
/ J/ WLS. (peweep, I 
veveio? iptp 
ueM 06 LoeiM'?l^PuciiJ 6 Pep 
ptopp ceus. ) 


rfJT )) A GOPP 
// KeMo6iofl|J 

m 

*= = ^ 5PLICEP |R- 


The thigh 

WA6 „____ 
\FfAPIATEp 
l&^LPW 
poii^Trte 
^U> IWAWOU/ 

tp) 

ceuh-m 

CPfce). 


app Tpe ,. 
wj£ wfc 
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the poems root lot of f tAfcc for This e+remw. 



several objections were RAisep, 


not even a #/pr or the 
procedure had Ei/eg , 

W0RK6P IN ANIMAL6. VTS 
STILL MOT AT AU- 
CLEAR HOW Jo INSERT A 
HWAN HE(tt06U>6|N SENE 
INTO A wnnoiAL cea in 
SUCH A WAV that its 
expressed in ant W- 


v cvS<2>^ SN S| 


tteWLAT/o^ 
V (MWOAL-S 
15 5-rty- 
W/Wfl ? y 


THE ZAPIftWH CERTAljJLH 
DIDN’T HELP THE JAtIEWTS. 
ON THE OTHER HAND, W 
BOTH fULLT UNDERSTOOD 
WHAT m E0HO DONE, AND 

Wf GAVE their CONSENT 


THE EXPERIMENT m 
PWPPROV 0 P &H UC-L.fl '5 

committee on woman SVRJet* 
use. however, it had been 

Approve? BY THE TWo 




afterwards, THE POCTORS 

I/oere pisapuNeD, Woctjm 
losing His position as 

DEPARTMENT CRMPMA M... 

So TOO SEE -"HUMAN 
EXPERIMENTS CAR BE 
DANGEROUS ! 


1#G6PWS 
To PoCfopS, 
THAT IS I 
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NEVERTHELESS, THIS IS PfcOgAgiy UM TllE f|R*r 6EUETf£ 

therapies will be pone, because bpue mlercw is the 
Easiest tissue to transplant. 



THERE ARE SEVERAL DISEASES THAT WU6H T BE TREATED THIS WAS# ^ 


THALASSEMIA, OF COURSE, 
Although me ucla exteR/ev<* 

SHOWS IT IMOH'T BE £ASy. 



SICKLE -CELL ANEMIA is A 

HEMPSLoBlH ABHoPMAMT^ AFFECTS 
MAlNLy BLACK PEOPLE. THIS ffilU & 
EVlEKi HARPER BECAUSE THE MUTAVr 
SEVE IS COPO/MWAWT, WOT RECESSIVE. 

^UP UBMoGHi&V 
ReSUtATioW IS 
STILL A 
PU7?L£.. 




UEMOPMILU, PUE TO THE LACK OF A 
0LOOP PHOTEIU, /WIOHT BE THE EASIEST 



a up mete are IMMUNO* 
PEFIOfiNCr diseases caused 9 y 
Recessive. 60Mes im 9 ove marrod. 
at present, people with these 
PiseASK HAVE TO Live IV 6ERM- 
FREE ISOLATION CHAMBERS. 
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SCIENTISTS ARE WCITEI? ABOUT 
ANIMM^-AH'MAL* 
THAT ^ONTAIM A f £ W 6£NE5 
PROM MOTHER Tpecfes, 


r i'm MA»/)W> A 
TnC«TAAN6eST 
CPAVW6- *>A 
i, P/HNER- 



ONE EXAMPLE APE Vl&$ WITH 
&0V<NE 6ftoWTH HOftMOrfE. THEY 
6ROW FASTER ANO LEAfJeR-, But 
AL50 HAi/E OTHER ppOELflHS, Pfc£ 
UUEfiS ANO ARTHRiti^ —So Vou'cl 
HAVE To WAIT fOR T|4 aT •’fcORiT 


OETMt 

protester*. . 
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immc plant* amp 
animaw cm on 
Their mew om ^ to their 

0FPSP#2mO T P^MV4f Tlte 
6fcNE* ARE IW^ERTEP AT A 
VCR»4 EARLy 4TA<£ OF 
PEVELOPMENT, AtlOWIMfr 
THEM to OCT lMft> *P£RM 
ANp COG £ElL$. PERFORMING 
THE« EXPERIMENT* ON 
HUMANE VJlHJLP THEREFORE 
RAiGE *<?ME HARP EWAL 
l**UE*. 



BUT OJE'RE GETTING CLW. THERE ARE At-REAW LIVING "TE4T Type 
PAPIER” — FERTlUlEP IN A Ten TUBE AMP THEN, AFTER A FEW 
PlVI*k>M*, IMPUWTEP IN THE MOTHERS WpMB, WUlRE THEy 

Dei/elopep NATyRAuy. 



V*HAr WOOLP THfe MONK MEMDEL HAVE To SA^ A&dut THIS? 
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The owkm , v*ew ^rcp 
WCH/LP BE To 6M0MP 0? 
Tue W ih thb 
tesr TOBe 


THIS 0>uu> RBMBe fPqH 

e>ene mewPi- 
fiw> specific Defers 
to- i*w wjoius- what ?? 



AT -ne wpewe, it iviftw bkspai* possible- to 
people, the E&65 wuaeos wiow-o ec ReMovep 
(\tTP£enw ak> fiefLAcep with a ukw; f»«w aho^ 




WSTeAP, 

Tie UTTie 

TTKE 

wold ee 

eeiJetcfu? 

IPBHTiO it 

ToMtfW- 

opwaie?- 

WfiHtep 

T»eiJva«*. 
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WE i L ' ^ Ml/e ALReAp<f 
IM ClOVlIX? Mice AMP fjf?0<f>5.. 






ir* 


r oe- $ee 'f/or^iju^ 

jWR^' lOlTtf • [Tit 


V wfc nr wetu w- 

uiw? will cuw ? 

uMo Ipm pecipe? loia 
it Be Bt&v (vpet-7 gm „ 
Wpt ? oju it be um n 
IMiul THepe pe hope#* 
Meepeft* r*e 

•nr" f^R 




*WP wipe. 
weAWjpw! 






^ THE LAST T7Aie AJUYMe 
Tpiet? 12> BFEBp A 
FAce, IT l/JAS AM UNHAPPY 

expeRieyce, To say tab least... 



op wee wept sm too ecooffl. . wee Tee More 

Wilt A GLORIOUS T//ME WH^ PEOPLE MLL BE 
QiW&ffep jo m CLQJH& i^TeAp of i j\ct oefrfr !/ 




Vo Hou me 
70o a blue eutm 
IK A 4Z pewim 






we cap m&> 

cap weAg^r/w 
CMpmm 
of* AAve 
Vlpg MRU 



MW 
li* CAP 

ouvep n? 

PC0U)6llAl 

w/vsteg, 
uke m 
gefieiiop 

pc&u^fKegic 

OZOPe!! 
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iw* wcpetwiutY Tmwm 
ufe *=. a WHote • 

WR CXAM-E, If TJiePE 'L 

M® OIX.Y 9 Klrt>9 of IT 

ftffLe, Tuey mav all ^a' 

»e i»ipep cvr ey a wp^ 
turn... yf=z 

WEpf AS, If D«*e l*EpE ' 7 ^ 
0 Wienes, cAApt^ ; V' 

«e fcTTffi that *>*e / w 

cf TAttf ItllU. 6fc / Vt>l 

PES^TPW awsdpii*. I > 



HAi) W 
Y<W LIKE 
- 

AfPU*’ 
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repHAps GeiJETi c 
mu Be To HBLp pr 
CP0W6 MBIP aX*WATi0|O& 
&1/T THIS \$ &TIU flo THE ’ 
FUTURE... 




OM THE OTHER. 

iwp, the 

g£S|PlUTJ£S 
n?K ^epefic 
ftH*ipe£Rl|dO 
MU BE 
LlMTEp PY 
the umep 

WLWER 

or fiueces 

Left To 

rzcobem- 


WE !W OffiSELffS OWOWS' 
?OW?&. 

A>TAE OHE 
RAMP, WE 

mem 
pump powep 
THAT 6TRJP5 

pjpesn&, 

TAP Soil, 

PAPMLAHP 
WTO DCSePT 
AHr verifies 
THE HEAlTrtV 

pwassrrv 

OP THE 
G?ve root... 


bS OUp C>U)|J A WKOME 



-ft A 
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stwm, h., Htsnti of gshsvcs rsm m- 

Hammcrm ** to tub M eptscwerr of 

MMfiptiS LAWS, M.I.T ppes& mi. ha PP lb 
FlPP, PUT a Pine «WOAKty HrtT OPT OP 
oe^nc-5 to 1900. 

puHf*. l c. , >1 sport wormy of osmbtks, 
ftf-arw- hh.l,wm. Mope pps-i9*9 
Generics, good pi*. 


7 'W-ixTTTiiM* 
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61MON1 OCHU6TPP, 1979. PBAPAWC PlSTORy 

op Moleculap mouooy. 


watoon, 3 p.,7 V&DOUBLB B 0 L/X. 

AthappuM, 19*8. opeopTHe 

Pl 6 COVpPgpS OP PNA'5 5TPWCT0PB 

teuo hi» ©topy- Flippant ahp 
66X167; PUT FAOCINATlN©. 

SAYP6, A., POSALlMP FRAFRUM 
AMP PH A, Norton, 10 T 8 AN 

AKTlPOTP TO WATSON® PIA5. 
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cupTi6 , h., Biology, %•"> somon, 

W0PTH,I975. A ©OOP OPpePAL 
pio TEXT, pop MOPS OP MOl-£CUte* 
AND cello. 

Ayala, pi, iceisep, xa. , mopsrh 
GSMBTICG, PPNJAMiM cumminoo, 
I960. OPf NANY OPTO-PATP TEXTS. 

M7«. ALL TUP PPTAIt -6 (.TMg FIP#T 
ppmop, py ALOpB, I* a 
C tA^olC, THOUGH PAT^P- ) 

wAT9op, j.p., molecular Biology or 
THf GS/iB, 3 *° EPir/OM, w.a 

BepJAMlM, 19 TA. MOP® PPTAH3. 


cHAPGAff , r JifRACLlTBAM FlRC, 

ROCKeH^LL&U PPBSO, I97S. A 
|gNK^ WMOIPj.»V 1,T MATS* WP 


tMOip.PUT MATS* we 
listen tohim t 



WACV, H-, THE ULftMATf fxRSRlMBMT MAH' 

MAPS fVOLUPO/t, WAMW f On, 197T 

BPCOMOWAPT Dp A, B7 Opfr0P OOP ♦- 

6P5T SClSpCp- WWTBPP. ■' 
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Adenine, 120, 122 
AIDS virus, 156 
Alleles, 42-50, 54 
co-dominant, 162 
combinations of, 54 
recessive, 81 
Amino acids, 108-111 
Anthers, 31 
Antibodies, 177-178 
Anticodon, 136-137 
Aristotle, 14-15 
Asparagine, 109 

Assortment, independent, principle of, 48, 
70 

Attenuation, 172-174 
Avery, Oswald, 118-119 

Bacteria, 25 

Baldness, hereditary, 91-93 
Base pairs, 122-123 
sequence of, 130 
Bases, 106, 107 
Beadle, George, 114 
Bibliography, 210 
Biological warfare, 194-195 
Blood groups, 162 
Body cells, 83 
Bone marrow cell, 163 
Boneltia marine worm, 90 
Bovine growth hormone, 201 
Breeding, selective, 6 

Camerarius, 30 
Cancer, 83 
Carbon, 104 
Cell division, 57 
Cells, 56-64, 97-101 
turning into other kinds of cells, 163 
types of, 98-99, 164 
Cellulose, 105 
Centromere, 59 
“Chaperone” protein, 129 
Chargaff, Erwin, 121 


Chromosome mapping, 69-78 
Chromosome number, 60 
Chromosomes, 58-70, 102 
genes on, 67, 69-71 
“recombinant,” 76 
in sperm and egg, 61-62 
X and Y, 85-89, 91-93 
"Clipping” enzyme, 127 
Cloning genes, 185-188, 193 
Cloning people, 203 
Co-dominant alleles, 162 
Codons, 133-137 
complementary, 136-137 
Color-blindness, 91-92 
Complement, 124 

Complementarity, principle of, 124, 128 
Complementary codon, 136-137 
Correns, Carl, 65-66 
Crick, Francis, 122-125 
Crops, productive, 7 
Crossing over, gene, 71, 76-77 
Crossing square, 44-45* 48, 73~74> 93 
Cysteine, 109 
Cytosine, 120, 122 

Darwin, Charles, 55 

Deoxyribonucleic acid, see DNA entries 
Deoxyribose, 106 
DeVries, Hugo, 65-66 
Digestive enzymes, 112 
Diploid organisms, 68, 89 
Diversity, genetic, 206-208 
Division, cell, 57 

DNA (deoxyribonucleic acid), 107, 119, 
181 

“junk,” 147 

recombinant, 180, 184, 188 
repetitive, 15 2-153 
“selfish," 153 
sequence of, 129-130 
DNA replication, 125-128 
Dominant trait, 40-48 
examples of, 53 
Double helix, 1 23-1 25 
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& coli, see Escherichia coli 
Eco-Ri enzyme, 182-183 

Egg. 29 

chromosomes in, 61-62 
mammalian, 27-29 
Empedocles, 16 
Endonuclease, restriction, 182 
Engineering, genetic, i 79 -* 95 » 206-209 
Environment, 206, 208 
Enzyme Eco-Ri, 182-183 
Enzymes, 112-116, 129, 181 
“clipping/* 127 
digestive, 112 
genes and, 114-116 
“inducible,** 171 
“snipping,** 126-127 
Escherichia coli (E. coli), 100-102, 

185-186, 192-193 

histidine and, 172-174 
lactose and, 166-171 
replication, 126 
Eucaryotes, 144-148 
Experiments on humans, 196-199, 
202-205 

Extinction, species, 206-208 


Fertility magic, 9 
Fertilization, 29 
plant, 31 

Flippase gene, 176 
Flowers, 30-31 
Franklin, Rosalind, 121 


Gametes, 61 

Gene cloning, 185-188, 193 
Gene expression, 174 
Gene mapmaking, 69-78 
Gene mutation, 79-83, 158-161 
Gene regulation, 164-178 
Gene splicing, 180-184 
Gene suppression, 174 
Gene swapping, 71, 76-77 
Gene therapy, 203 
Generation, spontaneous, 20-23 
Genes, 42, 54 . 9 * 
bacterial, 201 

on chromosomes, 67, 69-71 
dominant and recessive, 40-48, 53 
enzymes and, 114-116 
flippase, 176 
jumping, 175-178 


partial, 178 
sex-linked, 91-95 
Genetic code, i 34 -* 37 » *45 
Genetic code table, 135 
Genetic diversity, 206-208 
Genetic engineering, 179-195, 206-209 
Genetic engineering company, 189 
Genetic research, peas in, 38-49 
Geneticists, 32 
Genetics, practical, 6 
Genotype, 49 
Gilbert, Walter, 171 
Glucose, 104 
Glycine, 109 
Gonick, Larry, 215 
Griffith, Fred, 116-117 
Growth hormone, human, 188 
Guanine, 120, 122 
Guanine “cap,” 146 

Haploid organisms, 68, 89 
Harvey, William, 27-28 
Helix, double, 123-125 
Hemoglobin, 108, 158-159, 197-199 
Hemophilia, 91, 94-95, 200 
Hereditary baldness, 91-93 
Hereditary traits, 54 
Heredity, theories of, 12 
Hertwig, Oscar, 29 
Heterozygote, 49-52 
Hippocrates, 13 
Histidine, 172-174 
Homolog, 64 

Homologous pairs, 62-64, 67 
Homozygote, 49, 51 
Hooke, Robert, 56 
Human growth hormone, 188 
Humans, experiments on, 196-199, 
202-205 
Hybrids, 33-34 
Mendel and, 39 
Hydrogen, 104 
Hydrogen bonding, 122 

Immunodeficiency diseases, 200 

Independent assortment, principle of, 48, 
70 

“Inducible** enzymes, 171 
Inheritance, 11 
Insulin, 188 
Interferon, 188 
Introns, 148 
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Are spliced senes the same as mended Levis? 

Watson and Crick? Aren't they a team of British detectives? 

Plant sex? Can they do that? 
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Asparagine? Which of the four food groups is that in? 
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